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APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
FOREWORD 
Project Whirlwind 
Project Whirlwind at the Massachusetts Institute of Technology Digital 
Computer Laboratory is sponsored by the Office of Naval Research under 
Contract N5ori60. The objectives of the Project a r e the development of an 
electronic digital computer of large capacity and very high speed, and i ts 
application to problems in mathematics , science, engineering, simulation, 
and control. 
The Whirlwind Computers 
The Whirlwind computer is of the high-speed electronic digital type, in 
which quantit ies are represented as discrete numbers , and complex p r o b -
lems are solved by the repeated use of fundamental ar i thmetic and logical 
( i .e . , control or selection) operations. Computations are executed by f r a c -
t ional-microsecond pulses in electronic c i rcu i t s , of which the principal 
ones are (1) the flip-flop, a circuit containing two vacuum tubes so connected 
that one tube or the other is conducting, but not both; (2) the gate or coin-
cidence c i rcui t ; (3) the e lectrostat ic storage tube, which uses an electron 
beam for s toring digits as positive or negative charges on a s torage surface. 
Whirlwind I (WWI) may be regarded as a prototype from which other 
computers will be evolved. It is being used both for a study of circuit t ech-
niques and for the study of digital computer applications and p rob lems . 
Whirlwind I uses numbers of 16 binary digits (equivalent to about 5 
decimal digits). This length was selected to l imit the machine to a prac t ica l 
s ize , but it permi ts the computation of many simulation problems. Calcu-
lations requir ing greater number length are handled by the use of multiple -
length numbers , Rapid-access electrostat ic s torage initially had a capacity 
of 4096binary digits, sufficient for some actual problemsand for p re l imin-
a ry investigations inmost fields of in teres t . This capacity is being g radua l -
ly increased toward the design figure of 32, 768 digits. P r e sen t speed of 
the computer is 20,000 s ing le-address operations per second, equivalent 
to about 6000 multiplications per second. This speed is higher than genera l 
scientific computation demands at the present state of the a r t , but is needed 
for control and simulation studies. 
Reports 
Quarter ly reports a r e issued to maintain a supply of up- to-date infor-
mation of the status of the Project . Detailed information on technical 
aspects of the Whirlwind program maybe found in t h e R - , E - , a n d M - s e r i e s 
repor ts and memorandums that a r e issued to cover the work as it p r o -
g r e s s e s . Of these, the R- se r i e s a r e the most formal, the M - s e r i e s the 
leas t . A l is t of the publications issued during the period covered by this 
Summary, together with instructions for obtaining copies of them,appears 
in the Appendix. 
1. QUARTERLY REVIEW AND ABSTRACT 
During the th i rd q u a r t e r of 1953, the Scientific and Engineer ing Computa -
tion (S&EC) Group contr ibuted much of the i r t ime to the p r e p a r a t i o n and teaching 
of an MIT s u m m e r sess ion c o u r s e , Digital C o m p u t e r s and The i r Appl ica t ions . 
P r o g r a m s were wr i t t en for an ideal ized compute r , s imu la t ed on Whirlwind I. The 
c o u r s e was taken by 106 s tuden t s , r e p r e s e n t i n g 18 c o m m e r c i a l and bus iness g roups , 
39 indus t r i a l r e s e a r c h g r o u p s , and 10 mi l i t a ry and gove rnmen t e s t a b l i s h m e n t s . 
While not working on the s u m m e r se s s ion compute r , the g roup ran 28 d ivers i f i ed 
p r o b l e m s on Whir lwind. Twenty-f ive of these p r o b l e m s or ig inated at r e s e a r c h 
p r o j e c t s and d e p a r t m e n t s within MIT. 
On August 8, one bank of W »/I e l e c t r o s t a t i c s t o r a g e was replaced by a bank 
of m a g n e t i c - c o r e s t o r age . The r e p l a c e m e n t bank had been opera t ing successful ly 
as p a r t of the M e m o r y Test C o m p u t e r . The second bank of ES was rep laced by a 
second bank of m a g n e t i c - c o r e s to rage on Sep tember 5. The a c c e s s t ime of the 
new s t o r a g e is 9 m i c r o s e c o n d s , c o m p a r e d with 25 m i c r o s e c o n d s for ES . Re l ia -
bili ty i s a l s o g r e a t e r , reducing ma in tenance t i m e . Detai led informat ion on the 
p e r f o r m a n c e of the new s y s t e m will be r e p o r t e d in the next q u a r t e r l y . 
The a u x i l i a r y magnet ic d rum has opera ted re l i ab ly ; a m a s t e r p r o g r a m for 
d r u m s t o r a g e of a l l t e s t p r o g r a m s used with m a r g i n a l checking i s being wr i t t en . 
New F e r r a n t i pho toe lec t r i c tape r e a d e r s a r e being tes ted and will soon rep lace 
the old ERA tape u n i t s . The F e r r a n t i equipment does not u s e light rods and t h e r e -
fore wil l not r e q u i r e opaque t a p e . S tandard te le type tape will be s a t i s f ac to ry . 
The change in in te rna l s to rage caused a ma jo r r ev i s i on in the tube c o m p l e -
ment of Whirlwind I; c o r r e c t e d p a r t s l i s t s a r e unavai lable a t this t ime. R e s e a r c h 
on the p rob lem of cathode s tab i l i ty continued at an in tens ive level during the q u a r -
t e r . 
The annual meet ing of the Assoc ia t ion for Comput ing Machinery was held 
at MIT on S e p t e m b e r 9, 10, 11. The Digital Compute r L a b o r a t o r y coopera ted with 
the Office of S ta t i s t i ca l S e r v i c e s and with the Indus t r ia l L ia i son Office, Dynamic 
Ana lys i s and Cont ro l L a b o r a t o r y , and the D e p a r t m e n t s of P h y s i c s , M a t h e m a t i c s 
and E l e c t r i c a l Eng inee r ing in the actual conduct of the m e e t i n g . 
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2. MATHEMATICS, CODING, AND APPLICATIONS 
2.1 Introduction 
P r o g r e s s on p r o b l e m s being solved by or in coopera t ion with m e m b e r s of 
the Scientific and Engineer ing Computat ion (SfcEC) Group was seve re ly r e t a r d e d 
during this q u a r t e r by the effort r equ i r ed to p r e p a r e and teach the MIT Summer 
Sess ion C o u r s e , Digital Compu te r s and Thei r Appl icat ions , offered at MIT from 
August 24 through Sep tember 4. During this per iod and a few of the weeks p r e -
ceding i t , mos t of the WW1 t ime a l lo t ted to the S&EC Group was devoted to the 
development of the p r o g r a m s needed for the c o u r s e . The object of these p r o g r a m s 
was to s imula t e an idea l ized c o m p u t e r , ca l led the Summer Sess ion C o m p u t e r , on 
Whirlwind I. A deta i led d i scuss ion of this Summer Session Compute r is given in 
Section 5. 4 . 
In Sep tember , the Scientific and Engineer ing Computat ion Group r e l e a s e d 
a p r e l i m i n a r y ve r s ion of a 30-minute motion p ic tu re , in co lo r , which dep ic t s the 
va r ious ac t iv i t i e s within the Digital Compute r Labora to ry with e m p h a s i s on the 
"evolut ion of the solut ion of a scientif ic p r o b l e m " on the c o m p u t e r . Th i s film, 
ent i t led "Making E l e c t r o n s Coun t , " i s the produc t of the combined effor ts of the 
Scientific and Engineer ing Computat ion Group m e m b e r s a n d the Pho tog raph ic Labo-
r a t o r y . It is planned that an improved ve r s ion of the film, incorpora t ing many of 
the sugges t ions made by l abora to ry pe r sonne l who viewed the p r e l i m i n a r y film, 
will be comple ted within the next two mon ths . 
Section 2. 3 conta ins r e p o r t s , a r r a n g e d in numer i ca l o r d e r , desc r ib ing the 
p r o g r e s s on some 28 p r o b l e m s that have made use of compute r t ime a l lo t ted to the 
S&EC Group during this l a s t q u a r t e r . Tab le s 2-1 and 2-2 have been se t up to p r o -
vide the r e a d e r with a convenient r e f e r ence to va r ious in t e re s t ing a s p e c t s of these 
p r o b l e m s . Table 2-1 l i s t s the p r o b l e m s accord ing to the i r f ields of app l ica t ion . 
Of the 28 p r o b l e m s l i s ted , 25 or ig ina ted within MIT; the o t h e r s were sugges ted by 
the Educat ional Tes t ing Serv ice (112), by the Retina Foundation (114), and by Dr. 
J . S t e rnbe rg of the H a r v a r d C h e m i s t r y Depar tmen t (139). 
Of the MIT-or ig ina ted p r o b l e m s the 5 m a r k e d with a s t e r i s k s r e p r e s e n t 
work being p e r f o r m e d by m e m b e r s of the MIT P r o j e c t on Machine Methods of 
Computa t ion , another phase of the work under con t rac t N5ori60, which i s r epo r t ed 
m o r e extens ive ly in a s e p a r a t e r e p o r t ("Machine Methods of Computat ion and Nu-
m e r i c a l Ana lys i s , " Q u a r t e r l y P r o g r e s s Repor t No. 8, P r o j e c t DIC 6915, MIT, 
June 15, l ')53). 
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Field 
Chemistry 
Descr ipt ion 
Civil Engineering 
Optical p roper t ies of thin metal films 
Calculation of nuclear magnetic resonance absorpt ion lines 
Analysis of reinforced concrete walls 
Study of shock waves; vibration problems in solid bodies 
Geology & Geophysics Geophysical data analysis 
Instrumentation Lab System of nonlinear differential equation* 
Four ie r analysts and autocorre la t ion calculation 
Atmospheric turbulence, autocorre la l ion , c ros sco r re l a t i on , 








Educational testing s tudies ; Lawley 's method of factor 
analysis 
Spherical wave propagat ion 
Convolution of a t r ans formed probability density function 
Matrix equations; modified conjugate-gradient method 
Turbine design (Aero the rmopres so r ) 
Design of optical ins t ruments 
Eigenvalues of a real symmet r i c ma t r ix 
Spheroidal wave functions 
Vibrational frequency spect rum of a copper crys ta l 
Self-consistent molecu la r orbi ts 
Tempera tu re diffuse scat ter ing of X- r ays from a crys ta l 
of zinc 
Larges t eigenvalue of a real symmet r i c matr ix 
Energy bands in c r y s t a l s 
Solution of the convolution integral equation 
Subroutines for the numerical ly controlled milling machine 
Data reduction p ogram; polynomial fitting 
Comprehensive sys tem of service routines 
Staff t raining and demons t ra t ions 
The summer sess ion sys tem 











M I T 
Harvard 
M I T 
M I T 
M I T 
M I T 






















M I T 
M I T 
M I T 
M I T 
Outside 
M I T 
M I T 
M I T 
M I T 
M I T 
M I T 
M I T 
M I T 
M I T 
MIT-
M I T 
M I T 
M I T 
M I T 
Table 2- 1. C u r r e n t P r o b l e m s A r r a n g e d Accord ing to F i e ld of Applicat ion 
(* MIT P r o j e c t on Machine Methods of Computat ion) 
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MATHEMATICS, CODING, AND APPLICATIONS 
Mathematical Problem 
1. Matrix inversion and eigenvalue problems 
Matrix equation 
System of fifteen linear equations 
Eigenvalues of a real symmetr ic matr ix 
Mat r ix inversion 
Evaluation of elements and roots of 
a third order secular determinant 
Larges t eigenvalue of a real 
symmet r i c mat r ix 
2. Transcendenta l equation 
3. Ordinary differential equations 
Four teen simultaneous non-l inear 
Seven non-l inear first o rder 
Second order 
Roothaan's formulation of the Har t r ee -
Fock differential equations 
Second order l inear with variable 
coefficients 
4. Par t ia l differential equations 
Non-l inear hyperbolic 
Tabulation of spheroidal wave 
functions (see a lso #113) 
5. Integration 
F o u r i e r analysis and autocorrelat ion 
Inversion of the convolution integral 
Convolution of a t ransformed proba-
bility density function 
Auto-, c rosscor re la t ion and 
Four i e r t ransform 
Integral evaluation 
6. Function evaluation 
Evaluation of a function involving 
In and tan" * 
7. Stat is t ics 
8. Data reduction program 
Procedure 
Iteration involving Hotelling's method 
for solving the eigenvalue problem 
Relaxation procedure 
Numerical diagonalization procedure 
Modified conjugate-gradient method 
Standard analytical solution 
Iteration 
Iteration 
Fourth order Runge-Kutta 
Step-by-step Euler method 
Finite difference approximation 
Iteration and mat r ix diagonalization 
















Difference equations written along the c h a r a c - *119 
te r i s t ics and solved simultaneously by i terat ion 
Iteration involving the solution of a * 138 
difference equation 
Trapezoidal integration 1 1 1 
Iteration using Simpson's rule 116 
Trapezoidal integration 121 
Simpson's rule (utilizes P r o b . 107 routines) 137 
Simpson's rule 139 
Series approximation 145 
Predict ion by l inear opera tors 106 
Polynomial fitting, etc. 126 
Table 2 - 2 . C u r r e n t P r o b l e m s Ar ranged According to the Mathemat i c s Involved 
(* MIT P ro j ec t on Machine Methods of Computat ion) 
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The m a t h e m a t i c a l p r o b l e m s < n i p r o c e d u r e s r e p r e s e n t e d by the va r ious 
c u r r e n t p r o b l e m s a r e tabulated separa te ly in Table 2-1 because different p r o b l e m s 
in the same field frequently involve different m a t h e m a t i c a l me thods , whi le p r o b l e m s 
in different fields s o m e t i m e s a r e solved by ident ica l m e t h o d s . 
2 . 2 Problems Being Solved 
1 0 0 COMPREHENSIVE SYSTEM OF SERVICE ROUTINES 
The comprehens ive s y s t e m of s e r v i c e rou t ines has been d e s c r i b e d in Sum-
m a r y R e p o r t s 32, 33, and 34. This sys t em has been developed by the Digi ta l C o m -
puter Labora to ry to simplify the p r o c e s s of coding. T h e r e have been no changes 
in the logic of the s y s t e m dur ing the past q u a r t e r and none a r e at p r e s e n t c o n t e m -
pla ted . The sys t em prov ides for conver s ion , by WWI, f rom F l e x o w r i t e r - c o d e d 
pe r fo ra t ed tapes to t apes in pure b ina ry -coded form. Among the many p r o v i s i o n s 
included in the CS, the following two a r e r e f e r r e d to in the text . Consequent ly , 
br ief desc r ip t ions of them a r e r epea ted h e r e for the r e a d e r ' s conven ience . 
(1) F loa t ing A d d r e s s 
A f l oa t i ng -add re s s s y s t e m enab le s a p r o g r a m m e r to wr i t e his i n s t r u c t i o n s 
so that they refer to the words of his p r o g r a m r a t h e r than to the loca t ion of those 
w o r d s in s t o r a g e . The a s s i g n m e n t of final s t o r a g e loca t ions i s made by the c o m -
pu te r a s pa r t of the conve r s ion . 
(2) Number S y s t e m s and P r o g r a m m e d A r i t h m e t i c 
(m, n) n u m b e r s shall mean n u m b e r s which a r e of the form z = x . 2 y whe re 
x i s an m - b i n a r y - d i g i t n u m b e r and y i s an n - b i n a r y - d i g i t n u m b e r . F o r e x a m p l e , 
(24 ,6) signifies a t w o - r e g i s t e r f loat ing-point s y s t e m deal ing with n u m b e r s of 24 
significant binary digi ts (roughly 7 dec imal digi ts) with magni tudes between 2 
and 2 
Ar i thmet i c involving these (m, n) n u m b e r s i s c a r r i e d out by m e a n s of (m, n) 
i n t e r p r e t i v e sub rou t i ne s . These subrou t ines enable the p r o g r a m m e r t o w r i t e coded 
p r o g r a m s using (m ,n ) n u m b e r s a s eas i ly a s , o r even m o r e eas i ly than, he might 
w r i t e p r o g r a m s in the s ing le - l eng th f ixed-point (15 ,0) n u m b e r s y s t e m which i s 
bui l t into Whirlwind I. 
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MATHEMATICS, CODING, AND APPLICATIONS 
In addit ion to the d r u m input p r o g r a m s e v e r a l ut i l i ty p r o g r a m s have been 
r e c o r d e d on Group 11 of the aux i l i a ry magne t i c d r u m which h a s been locked in the 
r e a d mode . These p r o g r a m s a r e : (1) the pape r tape input p r o g r a m using the 
pho toe lec t r i c tape r e a d e r , (2) a r e a d - i n p r o g r a m to ini t ia te a c o m p r e h e n s i v e s y s t e m 
conve r s ion , (3) a post m o r t e m p r o g r a m which d i sp lays the conten ts of s t o r a g e on 
an o sc i l l o scope , and (4) a pape r tape input p r o g r a m using the m e c h a n i c a l tape 
r e a d e r . The input p r o g r a m has been modified so that au tomat ic se lec t ion of these 
p r o g r a m s can be a c c o m p l i s h e d by set t ing up a togg le - swi tch r e g i s t e r p r i o r to 
r ead ing in. An expansion of the uti l i ty p r o g r a m s on Group 11 to include the post 
m o r t e m p r o g r a m s now ava i l ab le i s being p lanned. As a c o r o l l a r y to th i s the 
r e a d - i n p r o g r a m will be fu r the r modified so that au tomat ic se lec t ion of a ut i l i ty 
p r o g r a m m a y b e obtained e i t h e r by set t ing up a toggle -swi tch r e g i s t e r (the p r e s e n t 
c a s e ) or by m e a n s of an a p p r o p r i a t e spec ia l tag, punched at the beginning of the 
paper tape which i s being r e a d in . 
1 0 1 O P T I C A L P R O P E R T I E S O F THIN METAL FILMS 
The p r o p e r t i e s of thin me ta l f i lms deposi ted on non -abso rb ing backings a r e 
examined by m e a s u r i n g the ref lec t ion R and t r a n s m i s s i o n T by these f i lms of 
r ad ia t ion pe rpend icu la r ly inc ident e i the r on the film or on the backing . These 
p r o p e r t i e s a r e e x p r e s s e d by the index of r e f r ac t i on , n; the a b s o r p t i o n coefficient , 
k; the conduct ivi ty , £ ; and the d i e l ec t r i c cons tan t , <f . The equat ions re la t ing 
t he se p r o p e r t i e s a r e so c o m p l i c a t e d that about 15 hours p e r s e t of m e a s u r e m e n t s 
a r e r e q u i r e d by desk c a l c u l a t o r . 
T h e r e f o r e , a p r o g r a m was coded fo rWWI by A. L . Loeb of the MIT C h e m -
i s t r y D e p a r t m e n t . This p r o g r a m will take data in a form which can be supplied by 
anyone not acquain ted with e l e c t r o n i c c o m p u t e r s ; it p roduces and l a b e l s the r e s u l t s 
i n a form which does not r e q u i r e i n t e r m e d i a t e i n t e rp r e t a t i on in o r d e r to be u n d e r -
stood by the " c o n s u m e r " . This p r o g r a m speeds the ca l cu la to r up by a fac tor of 
3000. 
At f i r s t a p r o g r a m was coded to ca l cu la t e R and T for a <^iven se t of n and 
k. Th i s p r o g r a m is hencefor th r e f e r r e d to as the "Main P r o g r a m . " If the obse rved 
ref lec t ion and t r a n s m i s s i o n a r e labeled R and T , then for each pa i r of va lues of 
o o r 
n and k, a pair of values (R - R Q ) and (T - T ) is ca lcu la ted . The second s tage in 
the deve lopment cons i s t ed of coding a p r o g r a m for de t e rmin ing a s e r i e s of s u c -
c e s s i v e app rox ima t ions , d e c r e a s i n g (R - R Q ) and (T - T ) with each new set of n 
and k. 
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The method of succes s ive approximat ions employed cons i s t s of computing 
three p a i r s of va lues for R (or R') and T, co r respond ing to the following p a i r s of 
va lues of the optical cons tan t s : (n, k), (n+8, k) and (n, k+S), where 8 < < n , k . F r o m 
these p a i r s of va lues the pa r t i a l der iva t ives of the opt ical cons tan ts with r e s p e c t 
to the reflect ion and t r a n s m i s s i o n can be found. These , together with (R - R ) 
and (T - T ), a r e sufficient to allow for a fur ther approximat ion to n and k, 
because the values (R - R ) and (T - T ) indicate the d i s c r e p a n c i e s in R and T, % o o 
while the part ia l de r i va t i ve s indicate the changes n e c e s s a r y in n and k to produce 
R=R and T=T . 
o o 
If n, k and R, T were l i nea r ly re la ted , the re se t t ings in n and k would produce 
exact ly the right n and k. However , since non - l i nea r i t y is indicated, the new values 
of n and k, while b e t t e r than the original o n e s , a r e only a new app rox ima t ion . The 
p r o c e d u r e can then be repeated until both (R - R ) and (T - T ) a r e l e s s than e x p e r i -
menta l err*. . The va lue of the exper imen ta l e r r o r is s t o r e d in WWI a s a p a r a m e t e r 
and can be var ied at wi l l . 
The "Main P r o g r a m " is used three t i m e s for the computat ion of the pa r t i a l 
d e r i v a t i v e s ; each calcula t ion i s followed by a p a r t i c u l a r sequence of o p e r a t i o n s -
the f i r s t by r e se t t ing n, the second by re se t t ing k, the thi rd by the ca lcu la t ion of 
the pa r t i a l d e r i v a t i v e s . The re fo re , the machine m u s t keep t r ack of the r e q u i r e d 
opera t ion that is to follow each pe r fo rmance of the "Main P r o g r a m . " The d i r ec t ing 
counter cons i s t s ofa sequence of o r d e r s and contains two cont ro l r e g i s t e r s whose 
sign digi ts a r e examined and r e s e t each t ime the d i rec t ing counter i s consu l t ed . 
The d i rec t ing coun te r , t he r e fo re , enables the mach ine to obtain d i r e c t i o n s after 
pe r fo rming the "Main P r o g r a m " - - s imply by consul t ing the cont ro l r e g i s t e r s 
and per fo rming any one of four tasks des ignated on the combinat ion of s igns of the 
two cont ro l r e g i s t e r s . 
A r e g i s t e r i s used whose sign indica tes which of the two ref lec t ion m e a s u r e -
m e n t s is under cons ide ra t i on . When this " swi tch" r e g i s t e r conta ins a posi t ive 
n u m b e r , film inc idence is indicated; when it contains a negat ive n u m b e r , backing 
incidence is ind ica ted . One r e g i s t e r in the "Main P r o g r a m " is r e s e r v e d for the 
r e p o r t e d value for the ref lec t ion, whether f rom the fi lm or the backing i nc idence . 
Two r e g i s t e r s a r e used as buffers for informat ion, one containing re f lec t ion from 
the f i lm, the other f rom the backing . E i the r one of these ref lect ion va lues i s t r a n s -
f e r r ed from its "buffer r e g i s t e r " to the pe rmanen t " ref lec t ion r e g i s t e r " in the 
"Main P r o g r a m , " depending on the sign of the " swi t ch" . When no backing inc idence 
is r epo r t ed , the buffer r e g i s t e r r e se rved for ref lect ion from backing inc idence 
should contain the informat ion " - . " (minus point, which i s negat ive z e r o ) . Since 
no ref lec t ion can have a negat ive value, the machine can eas i ly d i s t inguish the lack 
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of informat ion in this way, and e l iminate the s teps involved in the calcula t ion for 
backing inc idence . The r e s u l t s a r e Labeled "f" and "bM by W Wl, depending on 
whether the radiat ion was incident on the film or backing. 
When the th ickness of the film d e c r e a s e s , the ref lect ion and t r a n s m i s s i o n 
become l e s s sensi t ive to the p r o p e r t i e s of the me ta l , and the index of the backing 
becomes re la t ive ly m o r e impor t an t . The re fo re , the accu racy afforded in n and k 
by expe r imen ta l accu racy d e c r e a s e s with dec rea s ing film th i ckness , so that the 
pa r t i a l de r iva t ives —, — , — , and — should be r e p o r t e d along with the computed 
dR ar dR ex 
n and k in o r d e r to e s t i m a t e the probable e r r o r in the ref lect ion and t r a n s m i s s i o n 
da ta . 
The conductivity and d i e l ec t r i c cons tants a re a l s o computed and the r e s u l t s 
pr in ted out. 
MIT SEISMIC PROJECT 
During the past q u a r t e r the MIT Geophysical Analys i s Group has u s e d a 
good par t of i t s WWI t ime on product ion runs of the Genera l P r ed i c t i on P r o g r a m 
and Auto- and C r o s s c o r r e l a t i o n P r o g r a m s , a m a s s i n g valuable da ta . Ana lys i s of 
th is data has indicated that the p rob lem (desc r ibed in Geophysics "Detect ion of 
Reflection on Seismic Reco rds By L inea r O p e r a t o r s , " Wadsworth et al , July 1953) 
i s not comple te ly solved and that fur ther theore t i ca l work and computat ional work 
a r e n e c e s s a r y . N e v e r t h e l e s s , many phases of the p rob lem have been c lar i f ied and 
new avenues of approach have been opened. The next qua r t e r will see a g r e a t l y 
expanded effort on these new app roaches to the p rob lem, with l e s s t ime used on the 
p r e d i c t i o n - p r o g r a m product ion r u n s . 
A p o w e r - f r e q u e n c y - s p e c t r u m p r o g r a m , wr i t t en in the spr ing but n e v e r 
comple ted , has recent ly been rev ived . This is not yet working. 
A modification of the exis t ing predict ion p r o g r a m , which will give running 
a v e r a g e s over lapping by nine , has been wr i t ten and is being t e s t e d . 
A modif icat ion of the co r r e l a t i on p r o g r a m is being wri t ten which will give 
running c o r r e l a t i o n s . 
A flexible c r o s s - p r o d u c t s p r o g r a m used in set t ing up the m a t r i x of the 
l i n e a r o p e r a t o r i s under way. 
A good deal of cons ide ra t ion has been given to the poss ibi l i ty of wr i t ing 
a m a t r i x - i n v e r s i o n p r o g r a m for the co r r e l a t i on m a t r i x which is often n e a r l y 
s i ngu l a r . 
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1 0 9 FIGHTER GUNSIGHT CALIBRATION, 8th ORDER DIFFERENTIAL EQUATION 
The problem of de te rmin ing a two-dimensional a i r c r a f t p u r s u i t cou r se in 
a hor izon ta l plane i s being extended by M . H . Hellman of the MIT In s t rumen ta t i on 
L a b o r a t o r y to the solut ion of a t h r e e - d i m e n s i o n a l a i r c r a f t pu r su i t c o u r s e . The 
p rob lem c o n s i s t s e s s e n t i a l l y of solving 14 s imul taneous non - l i nea r dif ferent ia l 
equat ions by the Runge-Kut ta Method. These equations take into account a i r c r a f t 
dynamics and p ro jec t i l e b a l l i s t i c s . 
A p r e l i m i n a r y p r o g r a m for this p r o b l e m using CS i s now being tes ted , and 
the p r o c e s s of e l imina t ing all e r r o r s from it is being c a r r i e d out. 
1 1 1 FOURIER ANALYSIS - - AUTOCORRELATION PROBLEM 
Th i s p rob lem i s one of ha rmon ic a n a l y s i s . A given length of gyro data i s 
a s s u m e d to contain the f i r s t two h a r m o n i c s plus some r a n d o m effects . Once the 
s t a t i s t i ca l na tu re of th is r a n d o m n e s s is d e t e r m i n e d ( e . g . , i ts a u t o c o r r e l a t i o n 
function) some s teps can be taken to m i n i m i z e this effect on the gy ro . 
A p r o g r a m wr i t t en by C. Block of the MIT I n s t r u m e n t a t i o n L a b o r a t o r y 
sub t r ac t s the f irs t two h a r m o n i c s f rom the or ig ina l gyro da ta , then computes and 
p r in t s out the au toco r r e l a t i on function of the r e m a i n d e r . 
1 1 2 LAWLEY'S METHOD OF FACTOR ANALYSIS; 
CHARACTERISTIC VECTORS (MODIFIED) 
This p rob lem, under taken in coopera t ion with Dr . F . M . Lord of the E d u c a -
tional Tes t i ng S e r v i c e , P r ince ton , seeks the m x m diagonal m a t r i x , J, whose 
e l emen t s a r e the f i r s t m la tent roo t s of the positive defini te 33 x 33 m a t r i x 
S RS - I, where R i s an o b s e r v e d m a t r i x of c o r r e l a t i o n s , and S is a diagonal 
m a t r i x whose e l e m e n t s a r e t h e m s e l v e s functions of the unknown m a t r i x J , a s defined 
by the following equa t ions : 
S =Q+//diagonal e l ements of M'M//J" 
M = j ' / 2 U , 
where U i s the m a t r i x whose rows a r e the f i r s t m la ten t v e c t o r s . The p r o b l e m 
a l so seeks the m a t r i x of "factor l oad ings" F = MS, and to t e s t F for s t a t i s t i c a l s i g -
ni f icance, in a c c o r d a n c e with the Lawley m a x i m u m - l i k e l i h o o d method of fac tor 
a n a l y s i s . 
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The r e w r i t t e n p r o g r a m desc r ibed in Summary Report No. 34 has been 
c o r r e c t e d . F ina l r e su l t s have been obtained for m = l , 5 ,6 . The significance test 
ind ica tes the need for continuing with l a r g e r values of m. 
1 1 3 SHEAR WALL ANALOGY, SIMULTANEOUS LINEAR EQUATIONS 
The la t t ice analogy has been used to analyse r ec tangu la r flat p la tes sub-
jec ted to var ious planar loading conditions and r e s t r a i n t s . Th i s technique is now 
being expanded by S. Sydney of the MIT Civil Engineering Depa r tmen t to cons ider 
p la tes with a hole in the c e n t r a l region of the p la te . The specif ic plate that is 
being studied will s imula te a mass ive concre te s t r uc tu r e that has been proposed 
to p rov ide a r e a c t i o n for hydraul ic p r e s s e s . 
The head of the p r e s s will be a t tached to the unders ide of the roof of this 
s t r u c t u r e and will r eac t aga ins t the dead weight of th is concre te m a s s ins tead of 
the conventional b a r s connecting the head of the p r e s s to the b a s e . The p r o g r a m 
that i s being p r e p a r e d for th is problem will use floating point n u m b e r s in o r d e r to 
avoid some of the difficulties encountered in the previous a n a l y s e s which used 
s ing le - leng th n u m b e r s . 
1 1 4 DESIGN OF OPTICAL INSTRUMENTS 
This p r o b l e m involves the ca lcula t ions n e c e s s a r y in the design of optical 
s y s t e m s , pa r t i cu l a r l y those s y s t e m s which a re useful in ophthalmoscopy. 
Two p r o g r a m s have been used to obtain r e su l t s applied in the cons t ruc t ion 
of an improved model ophthalmoscope. The first of these is a s t anda rd ized ray 
t r ac ing p r o g r a m which d e t e r m i n e s the location of an image and d i rec t ion of light 
ray which has p a s s e d through an optical sys tem, given the ini t ia l d i rec t ion of the 
ray and location of an object . The second p rogram computes the t h i r d - o r d e r 
a b e r r a t i o n t e r m s of an optical sys tem. Both these p r o g r a m s a r e s t anda rd ized in 
the s e n s e that data specifying the optical s y s t e m or light rays may be readi ly va r i ed , 
without extensive p r o g r a m m i n g . 
A th i rd p r o g r a m , p a r t o f which was wri t ten during this q u a r t e r , will be used 
i n t h e a t t e m p t t o d e t e r m i n e opt imal lens s y s t e m s by using b e t t e r a n d faster methods 
than u sed before . 
This work i s being c a r r i e d out in cooperat ion with the Ret ina Foundat ion at 
the M a s s a c h u s e t t s Eye and E a r In f i rmary . 
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116 TORPEDO IMPULSE RESPONSE; CONVOLUTION 
This p rob lem seeks the solution of the convolution in teg ra l equation which 
r e l a t e s the output of a l inea r sys tem to i t s input and impu l se r e s p o n s e . An ana log 
c o m p u t e r is being used to e s t ima te impu l se r e s p o n s e s and the c o r r e c t i o n s to t h e s e 
on the b a s i s of the difference between the p red ic t ed and m e a s u r e d ou tputs . WWI 
is being used to convolve these impulse r e s p o n s e s and i m p u l s e - r e s p o n s e c o r r e c -
t ions with the m e a s u r e d input to d e t e r m i n e the a c c u r a c y of the e s t i m a t e s . 
During this q u a r t e r , the technique outlined in S u m m a r y Repor t No. 34 h a s 
been appl ied to all s e t s of input-output da ta . The e r r o r function, obtained f r o m 
convolving an in i t ia l impulse r e sponse with input da ta , was used in conjunct ion 
with the analog compute r to e s t ima te a c o r r e c t i o n to the t r i a l impu l se r e s p o n s e . 
T h e s e c o r r e c t i o n s w e r e convolved with the input data to obta in a check upon the 
a c c u r a c y of the new i m p u l s e - r e s p o n s e e s t i m a t e . An a v e r a g e of the bes t e s t i m a t e d 
i m p u l s e r e s p o n s e s for the r u n s is being convolved with the input data to t e s t the 
abi l i ty of this a v e r a g e impulse r e sponse to p red ic t the s y s t e m ou tpu t s . In addi t ion 
an i m p u l s e r e s p o n s e based upon hydrodynamic model data h a s been convolved with 
the input data of t h ree runs in o rde r to c o m p a r e r e s u l t s f rom convolut ions u s i n g 
this mode l r e s p o n s e with r e s u l t s from convolut ions us ing the bes t e s t i m a t e d i m -
pulse r e s p o n s e s of the s y s t e m . 
The F o u r i e r t r a n s f o r m developed under P r o b l e m No. 107 was used to t r y 
to d e t e r m i n e the s y s t e m impulse r e s p o n s e . The r e s u l t s w e r e m e a n i n g l e s s , even 
af ter d e c r e a s i n g the computing in te rva l by a factor of four . I naccu racy in the 
h igher frequency content of the basic data appa ren t ly r e s u l t s in m e a n i n g l e s s t r a n s -
form informat ion in this h igher frequency r a n g e . 
In the future, in o r d e r to check the abil i ty of this r e s p o n s e to p red i c t the 
output of a s i m i l a r s y s t e m , the best impu l se r e s p o n s e will be convolved with new 
input da ta s i m i l a r to that from which it was e s t i m a t e d . 
Work on this p rob lem is being c a r r i e d out by D. Hami l ton and R. K r a m e r 
of the MIT S e r v o m e c h a n i s m s L a b o r a t o r y . 
1 1 9 SPHERICAL WAVE PROPAGATION 
Work continued dur ing this pe r iod on a p r o g r a m des igned to i n t eg ra t e n u -
m e r i c a l l y , along the c h a r a c t e r i s t i c d i r e c t i o n s , the equa t ions r e p r e s e n t i n g the 
motion of sphe r i ca l waves . 
Cons ide rab le t ime was spent in the f i r s t pa r t of the q u a r t e r in an a t t e m p t 
to e l im ina t e fa i lu res of the magnet ic tape unit to ope ra t e c o r r e c t l y in the r e r e c o r d 
mode . The tape is used a s auxi l i a ry s t o r a g e for the va lues a t the m e s h points in 
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the t i m e - d i s t a n c e plane of the p r o b l e m , and the amount of such s t o r a g e r e q u i r e d 
i n c r e a s e s as the computa t ion p r o g r e s s e s . 
The difficult ies with tape opera t ion were solved towards the end of the t ime 
ava i lab le this s u m m e r and a couple of runs were m a d e , giving pa r t i a l r e s u l t s . 
However , the computat ion will have to be pushed much fur ther before we r e a c h 
the reg ion of p a r t i c u l a r i n t e r e s t in which the p r e s s u r e g r a d i e n t s in the gas i n c r e a s e 
to the point of shock wave deve lopment . 
A. Rals ton of the MIT M a t h e m a t i c s Depa r tmen t will c a r r y on the work 
during the next q u a r t e r . 
1 2 0 1HERMODYNAMIC AND DYNAMIC E F F E C T S O F WATER INJECTION INTO GAS 
STREAMS OF HIGH TEMPERATURE AND HIGH VELOCITY 
This p rob lem is connected with the development of a potent ia l gas tu rb ine 
component ca l led the " A e r o t h e r m o p r e s s o r " - - a device for i n c r e a s i n g the s t a g n a -
tion p r e s s u r e of a hot, h igh-veloci ty gas s t r e a m by evapora t ive cool ing . F u r t h e r 
de sc r ip t i on of this device may be found in Summary R e p o r t s No. 32 and 33. 
The ana ly t ica l a s p e c t of this deve lopment p r o g r a m is c o n c e r n e d with o b -
taining a b e t t e r unders tand ing of the A e r o t h e r m o p r e s s o r p r o c e s s and w i t h p r e d i c t -
ing i t s p e r f o r m a n c e under v a r i o u s opera t ing condi t ions . The A e r o t h e r m o p r e s s o r 
p r o c e s s is defined by nine p a r a m e t e r s : 1) e n t r a n c e Mach n u m b e r , 2) e n t r a n c e 
s tagnat ion p r e s s u r e , 3) en t r ance s tagnat ion t e m p e r a t u r e , 4) wa t e r inject ion r a t e , 
5) ini t ia l d rople t d i a m e t e r , 6) initial d rop le t t e m p e r a t u r e , 7) ini t ia l d rop le t v e l o c -
ity, 8) wall f r ic t ion and 9) va r i a t ion of duct c r o s s - s e c t i o n a l a r e a . F o r f ixedva lues 
of these p a r a m e t e r s the s ta te a t eve ry c r o s s - s e c t i o n of the A e r o t h e r m o p r e s s o r i s 
fully defined and may be ca lcu la ted from a s imul t aneous solut ion of seven non-
l inea r , f i r s t o r d e r different ial equa t ions . 
The computa t ions which have been c a r r i e d out on Whirlwind I involve a 
s t e p - b y - s t e p n u m e r i c a l solut ion of these equat ions for v a r i o u s combina t ions of the 
init ial p a r a m e t e r s . This a n a l y s i s is a c c o m p l i s h e d by a (24 ,6) p r o g r a m occupying 
approx ima te ly 2000 r e g i s t e r s , with each execut ion of the p r o g r a m (one s tep) r e -
quir ing about 9 seconds computat ional t i m e . This p r o g r a m i n c o r p o r a t e d p r o v i s i o n s 
for s t a r t i ng and stopping the ca lcu la t ions a t any point in o r d e r to obtain flexibil i ty 
in va ry ing the c r o s s - s e c t i o n a l a r e a of the duct , a s well a s providing for the i n -
se r t i on of n o r m a l shocks . 
A final r e p o r t on this work is being p r e p a r e d by Bruce D. Gavr i l a s an 
S c . D . t h e s i s for the MIT Depa r tmen t of Mechan ica l E n g i n e e r i n g . The A e r o t h e r m o -
p r e s s o r development p r o g r a m is being c a r r i e d out at MIT under s p o n s o r s h i p of 
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the Office of Naval R e s e a r c h and under the guidance of P r o f e s s o r A s c h e r H. 
Shapi ro . 
1 2 1 DETERMINATION OF WEAK SIGNAL PLUS NOISE PROBABILITY FUNCTIONS 
This p rob lem computed a probabi l i ty densi ty function resul t ing from the 
l i nea r superpos i t ion of two other ident ica l densi ty funct ions. The r e s u l t a n t d i s -
t r ibut ion was obtained by m e a n s of the convolution in tegra l 
W ( T ) = fvi(B) W(r -B) dB. 
o 
The function W(B) was the fami l ia r ampl i tude density function of the envelope of 
combined sine wave plus Gauss ian Noise developed by R ice , 
- &Z+ P 
w(B) = £ : ' M ' ^ ) — ,0>o 
The s ingular i ty at the o r ig in was r e m o v e d by defining W(B) = 0 at 0 = 0. 
The compute r was p r o g r a m m e d b y Dr . G . C . Spons le r of MIT to compute 
both W(B)and the convolution thereof with four different i n t e r v a l ranges of B and r . 
In tegra t ion was pe r fo rmed using the t r apezo ida l approx ima t ion formula with the 
machine choosing automat ica l ly the p roper in t e rva l for e a c h of the 16 poss ib le 
in t e rva l combina t ions . 
One typographical and two p r o g r a m m i n g e r r o r s w e r e d i s cove red before the 
p r o g r a m ran success fu l ly . P r o b l e m 121 is now sa t i s f ac to r i l y concluded. 
1 2 6 DATA REDUCTION 
P r o b l e m 126 is a ve ry l a rge d a t a - r e d u c t i o n p r o g r a m for use in the Se rvo-
m e c h a n i s m s L a b o r a t o r y , The o v e r a l l p rob lem is composed of many component 
sec t ions which will be developed s e p a r a t e l y and then combined a t a l a t e r da te . The 
f i r s t s tage of this development , a p r o g r a m to fit po lynomia l s au tomat ica l ly to 
a r b i t r a r y e m p i r i c a l functions, was d e s c r i b e d in the S u m m a r y Repor t No, 34. 
During this q u a r t e r inves t iga t ions w e r e c a r r i e d out on that p r o g r a m to d e t e r m i n e 
the effects of sca le factor ing and round-off. At th i s t ime the r e s u l t s a re inconclus ive ; 
but it a p p e a r s that for m o d e r a t e r a n g e s of the independent v a r i a b l e , the p r o g r a m 
will s e rve i ts purpose wel l . 
To a i d i n the t e s t s de sc r ibed above and i n o r d e r to sho r t en tes t ing t ime for 
future p r o g r a m s , a g e n e r a l - p u r p o s e Mistake Diagnosis Rout ine (MDR) has been 
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wr i t t en . The purpose of the MDR is to i n t e r rup t the n o r m a l opera t ion of any p r o -
g ram at specified "b reak points . " During the in te r rup t ion the MDR will a u t o m a -
t ical ly inves t iga te any n u m b e r s and o r d e r s which the p r o g r a m m e r spec i f i es , and 
print i n t e r m e d i a t e r e s u l t s on delayed or d i rec t output before allowing the p r o g r a m 
being t e s t ed to con t inue . Up to 128 break points may be used, and the opera t ion of 
the MDR when each break point is encountered is comple te ly independent of al l 
o ther b r eak po in t s . Counters a r e included at each b r eak point to allow i n t e r -
mit tent sampl ing . The p rog ram i tself is in no way changed by the use of the MDR, 
and the set t ing up of the MDR for each case i s s imple and fully a u t o m a t i c . After 
tes t ing , the MDR will be made avai lable to al l u s e r s of WWI, and inte l l igent u s e 
of it should g rea t ly speed the t rouble shooting of any p r o g r a m . 
1 3 1 SPECIAL PROBLEMS (STAFF TRAINING, DEMONSTRATIONS, E T C . ) 
During the Assoc ia t ion for Computing Machinery meet ing at MIT, Sep t -
ember 9 - 1 1 , 1953, approx imate ly 240 ACM m e m b e r s vis i ted the Ba r t a Building 
and w e r e given a tour of Whirlwind ins ta l l a t ions , a F l e x o w r i t e r demons t r a t i on and 
a demons t r a t i on of s e v e r a l p r o g r a m s on the compu te r . During each oj" these t h r e e 
days about seven staff m e m b e r s a s s i s t e d in the tours and d e m o n s t r a t i o n s . The 
v i s i t o r s r e p r e s e n t e d prac t ica l ly al l of the l a r g e compute r ins ta l l a t ions in th i s 
country and in s e v e r a l foreign c o u n t r i e s . 
On Sep tember 25, the Digital Computer L a b o r a t o r y was hos t to a group of 
40 s tuden ts and F a c u l t y m e m b e r s f rom the W o r c e s t e r Poly technic Ins t i tu t e . The 
group was o rgan ized and headed by P r o f e s s o r F r a n c i s J . Adams of the E l e c t r i c a l 
Eng inee r ing D e p a r t m e n t at W o r c e s t e r Po ly technic . The g roup was given a one -hour 
l e c t u r e , a tour of Whirlwind ins ta l l a t ions , a F l e x o w r i t e r demons t r a t i on , and a 
demons t r a t i on of s e v e r a l p r o g r a m s on the compu te r . This is the second c o n s e c u -
tive y e a r that the L a b o r a t o r y has been host to W o r c e s t e r Polytechnic Ins t i tu te . 
1 3 2 SUBROUTINE STUDY FOR THE NUMERICALLY CONTROLLED 
MILLING MACHINE 
The wr i t ing of the basic subrout ine l i b r a r y for N u m e r i c a l l y Cont ro l led 
Milling Machine (NCMM) computa t ions is e s sen t i a l ly comple te ( see S u m m a r y 
R e p o r t N o . 34). E leven of the twelve subrout ines wr i t ten to date have been s u c c e s s -
fully t e s t e d . Tes t ing of the twelfth is in p r o g r e s s . Most of the e r r o r s de tec ted 
in the success fu l ly t e s t ed rou t ines were in p r o g r a m m i n g , with tape p r e p a r a t i o n 
and c o m p u t e r diff icult ies running a r a the r poor second and third. 
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The use of some of the subrou t ines in the n e a r future for tape p r e p a r a t i o n 
for a supe r son i c nozz le is be ing contempla ted . The ins ide of the nozzle is a s u r -
face of revolut ion, so the computa t ions r equ i r ed a r e rout ine , but the amount of 
tape r e q u i r e d is l a r g e so that manua l tape punching would be ve ry t ime consuming . 
NUMERICAL DIAGONALIZATION PROCEDURE 
A subrou t ine wr i t t en by A. M e c k l e r of the MIT Solid Sta te and M o l e c u l a r 
Theory Group, to obtain the e igenvalues and e igenvec to r s of a H e r m i t i a n m a t r i x 
is now ava i l ab l e . F o r the s p e c i a l case of a rea l s y m m e t r i c m a t r i x , Whirlwind I 
can handle up to s i ze 32 x 32. A true H e r m i t i a n m a t r i x , one with complex e l e -
m e n t s , m u s t be spl i t and a compos i t e m a t r i x formed bv the method desc r ibed "be -
low which doubles the o r d e r , so that the l a r g e s t s ize of such a m a t r i x is r e s t r i c t e d 
to 16 x 16. 
The method of diagonal izat ion was f i r s t made known to D r . Meck le r by Dr . 
A . J . P e r l i s , f o r m e r l y of the MIT Digital Compute r L a b o r a t o r y . Dr . P e r l i s has 
wr i t t en a p r e l i m i n a r y r e p o r t for the Digi ta l Compute r L a b o r a t o r y which c o v e r s 
the method and con ta ins a de ta i l ed e r r o r a n a l y s i s . We will p r e s e n t the m e c h a n i c s 
of the rout ine but we will not a t t emp t any study of e r r o r p ropaga t ion . E m p i r i c a l l y 
the rout ine is v e r y a c c u r a t e . The roots of a 12 x 12 w e r e given to 6 or 7 dec ima l 
d ig i t s , the e igenvec to r s to 4 o r 5. (We take this difference in a c c u r a c i e s to be an 
e x p r e s s i o n of the va r i a t ion p r i n c i p l e . ) High a c c u r a c y is to be expected because 
only a few e l e m e n t s a r e handled at a t i m e , cyc les a r e l a rge ly independent of p r e -
ceding c y c l e s , a n d o t h e r n u m e r i c a l l y d i s a s t r o u s m a t r i x ope ra t ions and d e t e r m i n a n t 
o p e r a t i o n s a r e not u sed . 
The method used is a s follows: L e t the r ea l s y m m e t r i c m a t r i x be denoted 
by A. We a r e to find an or thogonal m a t r i x U such that UAU is d iagonal . The 
diagonal e l e m e n t s a r e the e igenva lues of A, and the r o w s of U a r e the e igenvec to r s 
of A. The technique is to build up this or thogonal t r a n s f o r m a t i o n through a s u c -
c e s s i o n of two d imens iona l t r a n s f o r m a t i o n s . Each such t r a n s f o r m a t i o n i s a c c o m -
pl ished by an or thogonal m a t r i x which has unity as e v e r y diagonal e lement excep t 
for , l e t ' s say , the i ' and j 1 which a r e cos ine - l i ke e l e m e n t s . All the off-diagonal 
e l e m e n t s a r e z e r o except for the i, j ' which is s i n e - l i k e and the j , i' which is 
the negat ive of the i, j 
Now, the t r a n s f o r m a t i o n UAU will affect only those e l e m e n t s in the i ' 
or j ' rows (or co lumns ) . If B i s the r e su l t an t m a t r i x , c and s a r e d e t e r m i n e d by 
two condi t ions . The f i rs t is the t r i gonome t r i c identi ty 
c + s = 1 
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and the second is the demand that b. . vanish: 
i j 
b. . = 0 
The c o n s e r v a t i o n of t r a c e and de te rminan t impl ies 
L 2 u 2 2 2 , 2 
b. . + b . . = a.. + a.. + 2a. . 
ii JJ U JJ iJ 
This is a n o r m p r e s e r v i n g t r ans fo rma t ion . That i s , the sum of the s q u a r e s of all 
the e l e m e n t s s t ays the s a m e , The key to the convergence is that the sum of the 
off-diagonal e l e m e n t s has been definitely d e c r e a s e d by twice the s q u a r e of the 
• Y. J • - , t h , ext inguished l, j e l e m e n t . 
If now a. . is a lways se lec ted a s that off-diagonal e l e m e n t of l a r g e s t absolute 
magn i tude , the off-diagonal n o r m d e c r e a s e s b y the max imum amount at e a c h cyc le . 
The p r o c e s s is convergent ; it is stopped when the l a r g e s t off-diagonal e lement is 
c o n s i d e r e d negligibly s m a l l . 
The input to the machine cons i s t s of the following: 1) p r e - s e t p a r a m e t e r 
which i s the o r d e r of the m a t r i x ; 2) the m a t r i x e l e m e n t s o r d e r e d in the manne r 
indicated in the f igure; 
0 1 3 6 10 
2 4 7 11 
5 8 12 
9 13 
14 
and 3) a c r i t e r i o n for the s m a l l n e s s of the l a r g e s t off-diagonal e l e m e n t . The t r a n s -
forming m a t r i x , which is built up at each cyc le , i s s tored on the magne t i c d r u m . 
The two rows to be t r a n s f o r m e d a r e r ead out, p r o c e s s e d , and r e - s t o r e d . Only 
one channe l of the d r u m is used and this se t s the l imi t on the o r d e r of the m a t r i x . 
To find this l imi t we have: 
2n 2 = 2048 
or n = 32. The output i s on the scope: f i r s t the e igenvalues in a column, then the 
e i g e n v e c t o r s a s co lumns four to a f r a m e . 
As for the c a s e of complex e l e m e n t s . Le t a H e r m i t i a n m a t r i x be r e p r e -
sented a s 
A t i B , 
where A i s r ea l s y m m e t r i c and B is rea l a n t i s y m m e t r i c . The e igenva lue -e igen -
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vec tor equat ion is 
(A + i B) (x + i y) = X (x + i y), 
where X i s a rea l s c a l a r , x and y a r e r ea l v e c t o r s . Equating r ea l and i m a g i n a r y 
p a r t s : 
Ax - By = Xx 
Bx + Ay = Xy 
These s imul taneous m a t r i x equa t ions can be e x p r e s s e d a s one m a t r i x 
equat ion 
A - B | 





and we a r e back to the rea l s y m m e t r i c c a s e at the expense of doubling the o r d e r . 
1 3 6 MATRIX EQUATIONS 
A p r o g r a m h a s been wr i t t en by Dean A r d e n o f t h e Digital Compu te r L a b o r a -
tory which will solve a s y s t e m of equat ions of the fo rm 
Ax = b 
by a va r i a t ion of the n - s t e p method of conjugate g r a d i e n t s d e s c r i b e d by H e s t e n e s 
and Stiefel in Nat ional Bureau of S tandards Repor t 1659, M a r c h 10, 1952. The 
va r i a t ion was developed by E-. Cra ig of MIT and is d e s c r i b e d in the Digital C o m p -
u t e r L a b o r a t o r y M e m o r a n d u m M-2229. 
The routine c o n s i s t s of proceeding in a d i r ec t ion p . to a point a s c l o s e a s 
poss ib le to the solut ion h of Ax • b, then p roceed ing in a new d i r ec t i on p , to a 
point a s c lose as p o s s i b l e to h, and so for th . The d i r ec t i ons p . , p , . . . a r e chosen 
to be mutua l ly or thogonal , so that a t t h e nth s t e p a n e x a c t solution should be obta ined. 
The p r o g r a m will be t e s t ed on m a t r i c e s of varying condit ion in o r d e r to 
d e t e r m i n e the l i m i t s of i ts app l icab i l i ty . The r e s u l t s of th i s inves t iga t ion wil l be 
r e p o r t e d in the fu tu re . 
1 3 7 INVESTIGATION OF ATMOSPHERIC TURBULENCE; AUTOCORRELATION, 
CROSSCORRELATION, AND FOURIER TRANSFORMS 
When the o r ien ta t ion of an a i r c r a f t m u s t be a c c u r a t e l y con t ro l l ed , a s in *iny 
s y s t e m for au tomat ic guidance, a quant i ta t ive de sc r ip t i on of " l a r g e - s c a l e " a t m o s -
phe r i c tu rbu lence (or "gus t s " ) i s n e c e s s a r y for a ra t iona l des ign of the gu idance 
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system. If the turbulence can be assumed to be a stationary random phenomenon, 
the methods of generalized harmonic analysis may be used to rpecify statistical 
properties in terms of the power spectral density. 
In the present investigation, the power spectra of the three gust components 
that cause lateral motions of an aircraft are being determined simultaneously by 
flight measurements made withan automatically controlled aircraft as a "probe. " 
Correlation and Fourier transform programs are used to determine the power 
spectrum matrix for three selected outputs (e .g . , lateral acceleration, roll rate, 
yaw rate) and, by inversion of the performance matrix of the aircraft-control sys-
tem, the three desired input power spectra are calculated. A suitable cross power 
analysis has been developed for this calculation. 
Further discussion of the physics and background of the problem may be 
found in Summary Report No. 34. 
A general c rosscorrelation program, which can do autocorrelation as a 
special case, has been written by C. Block and N. Zierler of the MIT Instrument-
ation Laboratory. The program is based on a modification of Ross1 autocorre-
lation program (see Problem 107 in Summary Report No. 33)and makes use of the 
magnetic drum for storage of one of the functions. Several scale factors (equal 
to 1/10, 1/14, and 1/28) had to be introduced as program modifications in order 
to prevent overflow when handling the data of the various flights. These programs 
were used successfully to determine three autocorrelations and three c rosscor re -
lations for each of four flights. The results have been checked for repeatibility 
and appear to be satisfactory thus completing the correlation phase of theproblem. 
Attempts have been made to obtain the Fourier transforms (sine and cosine) 
of the above mentioned correlation functions using the transform program devel-
oped in Problem 107. Unfortunately, check solutions indicate that this program 
may produce cumulative er rors in the sines and cosines for large values of the 
argument. These cumulative e r rors seem to manifest themselves as negative 
trends in the power spectra. If this cannot be readily cor reeled in the program, 
it may be necessary to take the transforms several times over restricted fre-
quency bands; this would increase the required computation time several-fold. 
The successful computation of the Fourier transforms will determine the 
matrix of output power spectra for the four test flights and will complete Problem 
137 as far as Whirlwind is concerned. 
This investigation is part of an Sc.D. thesis being carried out by R.A. 
Summers of the MIT Aeronautical Engineering Department and sponsored by the 
Instrumentation Laboratory. 
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1 3 8 SPHEROIDAL WAVE FUNCTIONS 
Spheroidal wave functions are solutions of the scalar Helmholtz equation in 
spheroidal coordinates. They arise in physical problems involving the wave equation 
and having spheroidal geometry. 
Because these functions have two indices and two variables, the tabulation 
of the functions on a fine mesh of the variables would be extremely lengthy. Instead 
the functions are expanded in terms of a series of Associated Legendre Functions 
of the First Kind. Thus, in the limit, as the spheroidal geometry reduces to a 
sphere, only a single non-zero expansion coefficient remains. 
With this scheme, it is intended to work out the expansion coefficients of 
the function for 55 different pairs of indices. For each pair of indices there will 
be 56 values of h (the parameter describing the eccentricity of the spheroid), 
each of which will have associated a set of coefficients varying in number from one 
to approximately twenty. Although no distinction has been made of the types of 
coefficients, actually 4 types would be useful, namely: prolate angular, prolate 
radial, oblate angular, and oblate radial. The angular and radial coefficients of a 
given geometryare intimately related and are most efficiently calculated together; 
the prolate and oblate coefficients are independent but the program can calculate 
either type with but a trivial modification. Thus in summary there are the follow-
ing number of calculations: (2 types of geometry) x (55 pairs of indices) x (56 h 
values) • 6160 double sets of angular and radial coefficients. 
About 5 seconds will be needed to calculate each double set of coefficients 
and another 10 seconds to record the results on magnetic tape. Thus the total esti-
mated machine time is 6160 double sets x 15 seconds - 27 hours, yielding a set of 
tables approximately 1320 pages in length. 
Theproblem being programmed for Whirlwind I is the determination of these 
expansion coefficients. The ratios of these unknown coefficients must satisfy two 
continued fraction equations each of which contains the unknown separation constant 
( i . e . , eigenvalue) of the original differential equation as a parameter. Thus the 
numerical procedure is to vary the trial eigenvalue (in a manner insuring conver-
gence) until the two equations are consistent. Finally, by an appropriate normal-
ization, one obtains the correct values of the coefficients. 
The program for Whirlwind consists of two sections: 1) the calculation and 
accumulation of the normalized coefficients in sets of five and the eigenvalue, and 
2) the layout program which records on magnetic tape for delayed punch-out the 
appropriate Flexo characters necessary to type out the results in final form. The 
Flexo tape punched out will subsequently be used to type out the results on special 
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p a p e r . A d r a f t sman will then box the resu l t shee t s with ink l i nes . F ina l ly these 
r e s u l t sheets will be photol i thographed with a 2 /3 reduct ion and from this the final 
t ab les pr in ted . Note that the r e s u l t s a r e never retyped manua l ly and thus t r a n s -
c r ip t ion e r r o r s a r e avoided. 
At p r e s e n t the layout p r o g r a m is completed and being given a final tes t ; 
the normal iza t ion and accumula t ion routine is wr i t ten and is being tes ted , and the 
ca lcu la t ion of the r a t i o s by the i t e r a t i ve continued fract ion s c h e m e is n e a r l y c o m -
plete ly wr i t ten and is pa r t i a l ly tes ted . This work is being c a r r i e d out by F . J . 
C o r b a t o and J . D. C. Li t t le of the MIT P h y s i c s Depa r tmen t . 
1 3 9 CALCULATION OF THEORETICAL LINE SHAPES 
The ca lcu la t ion of t heo re t i ca l l ine shapes for nuc l ea r magnet ic resonance 
absorp t ion l ines has been c a r r i e d out to make poss ib le a c o m p a r i s o n with e x p e r i -
menta l ly obtained line shapes . In o r d e r to obtain a t heo re t i ca l l ine su i table for 
compar i son with expe r imen ta l l i nes , it is n e c e s s a r y to modify the r igorous ly 
de r ivab l e ideal theore t i ca l l ine shape for an isola ted methyl group by applying a 
"broadening function. " This is a s y m m e t r i c function which c o m p e n s a t e s for the 
ne t accumula ted effect of neighboring nuclei on those of the i so la ted methyl group, 
and which has the effect of broadening and flattening the idea l ized theo re t i ca l line 
leaving the a r e a under the curve inva r i an t . Both the so - ca l l ed "Gauss i an" 
and the " L o r e n t z " 
A e x p ( - x 2 / ( / 3 / o ) 2 ) 
B / ( l + 
(13/a)' 
will s e r v e as broadening functions. The Gauss ian had been used in this study. 
Thr- value of the p a r a m e t e r /3/a d e t e r m i n e s the extent of f lat tening out. 
Eight va lues of /3/a were chosen and for each value the genera l l ine shape 
c u r v e s in the i n t e rva l (0, 3) were obtained by plotting va lues of u/a aga ins t va lues 
of the function 
H B/aJ (P/*)2 if/a) 
The evaluation was c a r r i e d out using S impson ' s rule with n = 50. 
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The r e s u l t s obtained have been desc r ibed in a paper p r e sen t ed to the Gordon 
Conference on E l a s t o m e r s by D r . H. L e C l a i r , Dr. J . S t e rnbe rg and P r o f e s s o r 
Rochow of the C h e m i s t r y Depa r tmen t at H a r v a r d Un ive r s i t y . The r e s u l t s have 
a l s o been included in L e C l a i r ' s doc tora te t he s i s and in an ONR pro jec t r e p o r t . 
1 4 0 SUMMER SESSION SYSTEM 
This p r o b l e m conce rned the development of an ins t ruc t ion code , a c o n v e r -
sion p r o g r a m , an i n t e r p r e t i v e p r o g r a m , and e r r o r - d i a g n o s i s rou t ines used by the 
s tudents who p a r t i c i p a t e d in the MIT 1953 s u m m e r sess ion c o u r s e , "Digi ta l C o m -
pu te r s and T h e i r App l i ca t ions . " 
A d i s c u s s i o n of the s y s t e m developed, together with plans for i ts future use 
a r e given in Section 5 . 4 . 
1 4 1 S&EC SUBROUTINE STUDY 
A " L i b r a r y of Sub rou t ine s " notebook which l i s t s 12 subrou t ines and which 
conta ins all of the informat ion r e q u i r e d by the p r o g r a m m e r i s now ava i l ab le in the 
tape r o o m . These sub rou t ine s , wr i t ten for u s e with the C o m p r e h e n s i v e System of 
Serv ice Rou t ines , include p r o g r a m s for e , In x, cosh x, sinh x, sin x, cos x, 
Vx̂  a Runge-Kut ta rou t ine , an auxi l i a ry buffer rout ine, and five output rout ines 
which u s e the scope , t ypewr i t e r , a n d / o r the delayed t y p e w r i t e r . 
Subrout ines wr i t t en and used by p r o g r a m m e r s in connection with r e g u l a r 
p r o b l e m s wil l be added to the L i b r a r y whenever feas ib le , but no r o u t i n e s will be 
wr i t t en e x p r e s s l y for the L i b r a r y . 
1 4 2 A STUDY OF SHOCK WAVES 
A study of shock waves i s being c a r r i e d on by R. B a r t and S. Sydney of the 
MIT Civil Eng inee r ing Depa r tmen t in o r d e r to develop a method for the solution 
of v ib ra t ion p r o b l e m s in solid bod ie s . The v ibra t ion of a one -d imens iona l bar may 
be obtained by r ep l ac ing the b a r with an equivalent s y s t e m of sp r ing -connec t ed 
m a s s po in t s . The equat ion for the acce l e r a t i on of this s y s t e m , a function of d i s -
p l a c e m e n t only, is e x p r e s s e d by finite difference and i s in tegra ted to obtain the 
d i s p l a c e m e n t . The a c c e l e r a t i o n is then r e e x p r e s s e d in t e r m s of finite differ-
e n c e s , i n t eg ra t ed and a new e x p r e s s i o n obtained which i s an even c l o s e r app rox i -
ma t ion for the d i s p l a c e m e n t . 
T h r e e i t e r a t i o n s a re u sed to obtain a s e r i e s expansion for the d i sp l acemen t 
zs 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
MATHEMATICS, CODING, AND APPLICATIONS 
and veloci ty of this s y s t e m . With a t ime- spac ing ra t io of 100 m i c r o s e c o n d s , ft. 
the e r r o r in the mi s s ing t e r m s is kept below 1.0% for the s p r i n g - m a s s solut ion. 
The effects of loads applied to the sys tem may be incorpora ted into the 
solution so that a comple te t ime h i s to ry of the v ibra t ions can be obtained r e g a r d l e s s 
of the type of loading. 
These solutions ag ree reasonably well with the theore t i ca l r esponse of a 
d i s t r ibu ted m a s s sy s t em, indicat ing that this method may be used to study the r e s -
ponse of mul t id imens iona l m a s s s y s t e m s . 
A p r o g r a m for the two-dimensional problem has been p r e p a r e d and is being 
tes ted at the p re sen t t ime . 
1 4 3 VIBRATIONAL FREQUENCY SPECTRUM OF A COPPER CRYSTAL; 
THIRD ORDER POLYNOMIAL 
The prob lem of de te rmin ing a vibra t ional spec t rum is a n a t u r a l outgrowth 
of the phys ics of per iod ic s t r u c t u r e s , pa r t i cu l a r ly that of c r y s t a l s , where in it i s 
d e s i r e d to a s c e r t a i n (1) the va r ious modes of vibrat ion of the a tomic la t t i ce , (2) 
the subsequent contr ibut ion to the specific heat of the s t r u c t u r e and to the s ca t t e r i ng 
of conduction e l e c t r o n s , and (3) the t r anspor t phenomena in gene ra l . Such r e s u l t s 
a r e of d i r e c t i n t e re s t to both the exper imen ta l and theore t i ca l so l i d - s t a t e phys ic i s t . 
In P r o b l e m 143, meta l l i c c rys ta l copper , having a f a c e - c e n t e r e d cubic 
la t t i ce s t r u c t u r e , i s being inves t iga ted by E. H. Jacobsen of the MIT P h y s i c s 
D e p a r t m e n t . The fo rce c+onstants between neighboring a t o m s a r e being d e t e r m i n e d 
from X - r a y diffraction e x p e r i m e n t s . These cons tants a r e to be fed into a t h i rd 
o r d e r s e c u l a r de te rminan t , the solution of which gives the frequency of a t h e r m a l 
wave propagat ing through the l a t t i ce as a function of the wavelength and d i rec t ion 
of p ropaga t ion . Each e lement of the de te rminan t cons i s t s of a finite F o u r i e r s e r i e s 
of approx ima te ly 12 t e r m s . One solution for a genera l wave propagat ion v e c t o r 
r e q u i r e s about th ree hours on a desk ca l cu la to r . It is felt than an a c c u r a t e s p e c -
t rum de t e rmina t i on will r e q u i r e about 25,000 solutions of the s e c u l a r equat ion 
(i. e. , 25, 000 different wave v e c t o r s ) . 
The p r o g r a m for the gene ra l solution of this secu la r equat ion is being 
a s s e m b l e d and tes ted in p a r t s on Whirlwind I. 
1 4 4 SELF-CONSISTENT MOLECULAR ORBITALS 
Roothaan has given a p r o c e d u r e for de t e rmin ing best l inea r combina t ions 
of a tomic orb i ta l s for the case of a c lo sed - she l l state (a single d e t e r m i n a n t m a n y -
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e l e c t r o n wave function). His equat ions a r e the a lgeb ra i c equivalent of the H a r t r e e -
Fock different ial equat ions and a r e s imi l a r ly c h a r a c t e r i z e d by the d i s cou rag ing 
p r o s p e c t of a s e l f - cons i s t en t calcula t ion. However , Roothaan ' s p r o c e d u r e can be 
m e c h a n i z e d and p e r f o r m e d by Whirlwind I so that it b e c o m e s a fas t , r e p e a t a b l e 
rou t ine . Roothaan ' s equat ions can be r e - e x p r e s s e d in a sl ightly modif ied form: 
Cons ide r the o n e - e l e c t r o n functions which a r e to be combined in the b e s t 
poss ib le ways . Let them be o r thonorma l i zed . Begin with a well c o n s i d e r e d f i r s t 
guess to the m o l e c u l a r o r b i t a l s , an o r thono rma l i zed se t . A genera l l i nea r c o m -
binat ion of these functions i s s t i l l a genera l l inear combinat ion of the o r ig ina l a tomic 
funct ions . 
This or ig inal set of functions i s denoted as v and the n u m b e r in the set by 
N. If t h e r e a r e 2n e l e c t r o n s in the sy s t em, wc a r e to find n l i nea r combina t ions 
of the v ' s 
(I, -- I c v 
such that an a n t i s y m m e t r i z e d m a n y - e l e c t r o n wave function fo rmed with each (T 
doubly occupied will be a s s o c i a t e d with a m i n i m u m value of the e n e r g y . The e x -
p r e s s i o n for the energy is 
E = Z l p H + 2T p G^v p , 
pv p.v v\x. pvKa p^v \<T *-cr 
J V „ = / > * ( 1 ) [ - V ^ - f V( l ) j »„ ( l ) d S K , 
G ^ = 2(til/|Xcr) - (|acr|Xx/) 
(H^IXo-) = fv *(1) V[/ (1) _ L _ v x *(2) VCT(2) d
3
X l d
3 x 2 
or in m a t r i x notation 
p = C + C (+ = H e r m i t i a n adjoint) 
and the o r thonorma l i za t i on of the ff ' s i s impl ied by 
C C + = 1 
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C is an n x N r e c t a n g u l a r m a t r i x , p is a square N x N. The n rows of C, 
which a r e the complex conjugates of the n co lumns of C, a r e the n lowest e igen-
vec to r s of the m a t r i x 
K, « Hv + 2 P G^" 
ACT ACT *-* U.V \<T 
That is 
K C + = A C + A diagonal 
We a r e to pick a p, form K, d iagonal ize it, se lec t i ts n lowest e i genvec to r s , 
form p, r e - c y c l e . H and G a r e the input to the machine and do not change f rom 
cycle to cyc l e . 
The mach ine is to do m a t r i x - v e c t o r mul t ip l ica t ion {symbolized as pG), 
m a t r i x addi t ion, m a t r i x d iagonal iza t ion , magni tude se lec t ion and c o m p a r i s o n , and 
many c y c l e s . Even with the type of factor iza tion by s y m m e t r y d i s c u s s e d by Roothaan 
much informat ion will be s t o r e d in the m a c h i n e , but the l a rge amount of h igh-speed 
s to rage and the magnet ic d r u m in Whirlwind have made this feas ib le . 
The m a t r i x d iagonal iza t ion p r o c e d u r e , which i s j u s t a sub - rou t i ne in the 
whole s e l f - cons i s t en t p r o c e s s , has been p r o g r a m m e d and will exis t a s a s e p a r a t e 
rout ine in the Whirlwind l i b r a r y . The p r e s e n t p r o g r a m can handle up to a 32 x 32 
r ea l s y m m e t r i c m a t r i x and a 16 x 16 complex Hermi t i an m a t r i x . The r e s t of the 
l inear combina t ions of a tomic o rb i t a l s de t e rmina t i on is now being p r o g r a m m e d and 
will be f i r s t appl ied to the NHL m o l e c u l e . 
The rout ine for the d iagonal iza t ion of K has been successfu l ly p r o g r a m m e d 
under P r o b l e m Number 134 and i s d e s c r i b e d under that n u m b e r . The r e m a i n d e r 
of the rout ine has been p r o g r a m m e d and is being tes ted by Dr . A. Meck le r of the 
MIT Solid State and M o l e c u l a r Theory Group . 
EVALUATION OF SECOND-ORDER T E M P E R A T U R E DIFFUSE SCATTERING 
FROM ZINC 
This p r o b l e m was c a r r i e d out by R. Joynson of the MIT X - r a y L a b o r a t o r y 
whose PhD T h e s i s involved the m e a s u r e m e n t of t e m p e r a t u r e diffuse sca t t e r ing 
(TDS) of X - r a y s from a s ingle c r y s t a l of z inc . Analys i s of the m e a s u r e m e n t s 
showed that the obse rved s c a t t e r i n g was n e a r l y twice a s m u c h a s could be accounted 
for by f i r s t - o r d e r s c a t t e r i n g a lone . It is known that s e c o n d - o r d e r TDS m a y , for 
some c r y s t a l s , be as l a r g e a s 50% of the f i r s t - o r d e r s c a t t e r i n g . However , the 
r e l a t i ve magni tude of s e c o n d - o r d e r TDS for zinc had not been ca lcu la ted ; so it was 
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decided to use the Whirlwind Compute r to see if the expe r imen ta l r e s u l t s might not 
be explained, at leas t in pa r t , by s e c o n d - o r d e r effects. 




(2u-v) tan-! + (u-Zv)tan"1 
<TT 
V 2 * . 
(2 - t ) s + 2t 
[ ( 2 - t)s + 2t"T 




The in tegrand was evaluated a t 25 v a l u e s o f t h e independent v a r i a b l e s in the 
range 0<sS2. 0 for each 20 values of the p a r a m e t e r t ranging from 0. 1 to 1.9. The 
p r o g r a m was wri t ten and the p rob lem comple ted in two d a y s . The in tegra t ion was 
c a r r i e d out by graphing the in tegrand and using a p l an ime te r , which gave sufficient 
accuracy for the des i r ed resu l t . 
An impor tan t r e s u l t of the ca lcu la t ions was the vanishing of the s e c o n d - o r d e r 
t e m p e r a t u r e diffuse s ca t t e r i ng in zinc at r e c i p r o c a l l a t t i ce points whose X - r a y 
s t ruc tu r e factor is z e r o . Since th i s was the region where e x p e r i m e n t a l r e s u l t s 
were incons is ten t with f i r s t - o r d e r TDS, the ca lcu la t ions showed that p robab ly the re 
was a s e r i o u s expe r imen ta l e r r o r . New m e a s u r e m e n t s a t m o r e c lose ly spaced 
in t e rva l s r evea l ed that th i s in fact was t rue , the e r r o r having a r i s e n f rom the i n t r o -
duction of impur i t i e s on the surface of the zinc c r y s t a l during the etching p r o c e s s . 
LARGEST EIGENVALUE O F REAL SYMMETRIC MATRIX 
The following p r o b l e m a r o s e in connect ion with a spec ia l p r o b l e m on con-
figuration in te rac t ion in even-even nuc le i . Given a real s y m m e t r i c m a t r i x , what 
is the l a r g e s t e igenvalue in magn i tude? Hi ldebrand (Methods of Applied Math, 
pp. 68-69) has given an i t e ra t ive p r o c e d u r e for finding this n u m b e r . One s t a r t s 
with an ini t ia l guess x* ' a t the e igenvec tor and mul t ip l ies th i s by the m a t r i x A 
to get: 
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X can be that factor which makes the f i r s t component of Ax' equal to 1. S imi l a r ly 
one finds 
Ax<2> = X<2>x<" 
AxW.x <">,<»•»> 
It can be shown that for any mat r ix whose e igenvalues a r e r e a l that 
l .m X <"> — X 
n —^ CD (actual value of the l a r g e s t eigenvalue) 
l im x v —»- x . . , a s soc i a t ed e igenvector n—»• co 6 
The i t e r a t i ons a r e continued until subsequent va lues differ by l e s s than a p r e d e t e r -
mined amount . A p r o g r a m has been wri t ten and tested; some final r e f inemen t s 
a r e being made to put it in convenient subrout ine fo rm. 
This work is being c a r r i e d out by A. Temkin of the MIT Phys i c s D e p a r t m e n t . 
1 4 7 ENERGY BANDS IN CRYSTALS 
Approximate solut ions P 
a r i s i n g in the study of energy bands in c rys ta l 
. ( r , E) a re r e q u i r e d for the different ial equat ion 
[ l f t«L. - V(r> - E] 
These app rox ima te solutions will be found using two s ta r t ing va lues n e a r 
r • 0 and the G a u s s - J a c k s o n formula for forward in tegra t ion 
p = h2 (— P'* + 8 _ 2 P " ) 
•l 2 -^ 
d P ? 
where h is the in terval of r and P " • ^-. The notation 8" i s to be i n t e r p r e -
dr 
ted by formally mult iplying the equation by 8 and t reat ing 8 a s a second difference 
o p e r a t o r . I t e ra t ions us ing this formula will be made without advancing the i n d e -
pendent va r i ab le until the values of P converge . At this t ime the value of the 
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independent va r i ab le will be i n c r e a s e d by h and a new t r i a l value of P* obtained 
us ing the s a m e fo rmula . Solutions a r e d e s i r e d for 160 va lues of E and 13 values 
oi£. 
In addit ion to the above, a p p r o x i m a t i o n s to the e x p r e s s i o n s 
* < • • ' 
F ( E , E o , r) = 2 ^ + 1 ) ^ (fior)vt (E, r) 
will be ca lcu la ted for 8 values of r , 160 va lues of E. and 70 values of E . i*. (x) 
o Jl v ' 
is the sphe r i ca l Besse l function 
Jyw . £ZL J (x) V 2x l \ ' 
These functions will be computed using the r e c u r r e n c e formula 
i i + 1 
J J r l I JX-1 
with ini t ia l va lues 
The rout ine for the approx ima te in tegra t ion of the differential equation has 
been successful ly p r o g r a m m e d by David Howarth of the Solid State and Molecu la r 
Theory Group and a p r o g r a m for vary ing the va lues of E , £, and r and ca lcula t ing 
the V (E, r) has been wr i t ten and is being t e s ted . 
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3. OPERATION OF WHIRLWIND I 
During the per iod 1 June - 30 Sep tember 1953, 1126 hours were a s s i g n e d 
to appl icat ions groups (see F i g . 3-1). Of this t ime , 86 per cent yielded useful 
r e s u l t s . 
Cons iderab le effort was made to i n c r e a s e the re l iabi l i ty of opera t ion of 
WWI and to reduce the r equ i red amount of maintenance t ime . Ins ta l la t ion of M a g -
n e t i c - C o r e Storage and the use of the new p r o g r a m m e d marg ina l - check ing s y s t e m 
have been a subs tant ia l help in this d i r ec t i on . A new F e r r a n t i pho toe lec t r i c tape 
r e a d e r will be ins ta l led dur ing the coming q u a r t e r and i s expected to have b e t t e r 
opera t ing m a r g i n s than our p r e s e n t photoe lec t r ic tape r e a d e r . 
3.1 Systems Engineering 
High-Speed Storage 
The main tenance difficult ies with E l e c t r o s t a t i c Storage ment ioned in the 
las t q u a r t e r l y (deflection shift and posi t ive switching) continued to cause t roub le 
in th is q u a r t e r . Since pe r manen t c u r e s for these main tenance t roub les s e e m e d 
imposs ib le to achieve and s ince Ma _,-netic-Core Storage was proving i tself e x t r e m e -
ly p romis ing in the Memory Tes t Compute r , i t w a s decided to r ep lace E l e c t r o s t a t i c 
Storage with Magne t i c -Core Storage . On August 8, the bank of M a g n e t i c - C o r e 
S torage , F ig . 3-2, which had been p a r t of the Memory Tes t Compute r , was in -
s ta l led in place of one bank of ES . A second bank of M a g n e t i c - C o r e S to rage , F i g . 
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Fig . 3 - 1 . Allocation of Computer T ime dur ing P e r i o d 1 June - 30 Sep tember 1953 
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F i g . 3-2. F i r s t Bank of Magne t i c -Core S to rage 
Thus E l e c t r o s t a t i c Storage h a s b*>en e l imina ted f rom Whirlwind I. How-
e v e r , it should be pointed out that the compute r could no thave reached i t s p r e s e n t 
s t a t e of development without ES. No o the r form of h igh - speed s to rage was a v a i l -
ab le when Whirlwind I was put in ope ra t i on . 
Magne t i c -Core S to rage has two big advan tages : (1) g r e a t e r re l iab i l i ty with 
a consequent reduction in main tenance t ime devoted to s t o r a g e ; (2) s h o r t e r a c c e s s 
t i m e (core a c c e s s time is 9 usee; tube a c c e s s t ime is approx imate ly Z5 usee) thus 
i n c r e a s i n g the speed of compu te r opera t ion . 
Margina l Checking 
P r o g r a m m e d m a r g i n a l checking has been in use s ince the l a s t q u a r t e r . 
The n u m b e r s of the m a r g i n a l - c h e c k i n g l ines to be var ied wi th the t e s t p r o g r a m 
being p e r f o r m e d a r e , at p r e s e n t , s t o r e d on a F l e x o w r i t e r tape and a r e r e a d in via 
the F l e x o w r i t e r reader a s called for by the c o m p u t e r p r o g r a m . T h e r e a r e thus 
two tapes for each test p r o g r a m . 
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We a r e now working on a m a s t e r 
p r o g r a m for storing a l l our test p r o -
g r a m s on the auxi l iary d r u m . Th i s 
p r o g r a m will include a coded table of 
marg ina l - checking l i ne s to be u sed 
with each t e s t p r o g r a m . When p r o -
g r a m m e d m a r g i n a l checking is u s e d , 
the compute r will s e a r c h through this 
table and decode b ina ry m a r g i n a l -
checking l ine n u m b e r s into the i r b i -
n a r y - c o d e d - d e c i m a l f o rm (for use 
with the p r o g r a m m e d - m a r ; inal-check-
ing equipment) whenever the table 
ind ica tes a l ine is to be checked. A 
cont ro l p r o g r a m , a l s o included, will 
enable the ope ra to r to s e l ec t a d e s i r e d 
t e s t p r o g r a m by changing the se tup of 
a flip-flop r e g i s t e r . 
The m a s t e r p r o g r a m will be on 
one long tape , read in a t the beginning 
of a marg ina l - check ing per iod . After 
the contents of the tape a r e s t o r ed on F ig . 3 - 3 . Second Bank of Magnet ic-Core 
l L e *i_ J U S t o r a g e 
t h e d r u m . n o f u r t h e r u s e n e e d be m a d e ° 
o f t h e p h o t o e l e c t r i c t a p e r e a d e r . U s i n g Lne d r u m w i l l b e c o n v e n i e n t a n d s p e e d y 
b o t h in s e l e c t i n g MC l i n e s a u t o m a t i c a l l y a n d i n r e c o v e r i n g p r o g r a m s t h a t m a y b e 
d e s t r o y e d by the m a r g i n s a p p l i e d d u r i n g m a r g i n a l c h e c k i n g . 
3.2 Input-Output System 
Magnetic Drum 
The auxi l iary d r u m s y s t e m in i t s o r ig ina l form i s s t i l l opera t ing re l iably 
with the compu te r . A moni to r s y s t e m has been ins ta l led so that the v a r i o u s d rum 
pu l se s can be se lec ted and obse rved on a scope in the c o m p u t e r con t ro l room. A 
t e s t stand, F i g . 3-4, h a s been set up for the purpose of checking the individual 
c h a s s i s of the drum s y s t e m independently of the d r u m . All of the read ing a m p l i -
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f i e r s and some of the other c h a s s i s 
have been checked, and their supply 
vol tage m a r g i n s were found to be quite 
good. 
During the next q u a r t e r we expect 
to r ep l ace the auxi l ia ry d rum with a 
new one containing improved heads . 
The new drum will allow the use of 
the addit ional t r a c k s which were d a m -
aged in the old d rum by some of the 
old heads expanding and touching the 
r eco rd ing su r f ace . Some of the add i -
t ional t r a c k s will be used to provide 
a p a r i t y digit for checking d r u m -
informat ion t r a n s f e r s . 
Display 
As was ment ioned in Summary 
Repor t 34, no ise on the scope d e -
flect ion l ines has been an annoying 
p r o b l e m . The noise has been reduced 
on a t e s t line in two ways: (1) A b a l -
anced decoder output ampli f ier was 
c o n s t r u c t e d and used to give constant 
c u r r e n t d ra in on the power suppl ies 
and thus reduce c r o s s talk due to 
c o m m o n power supply impedance . 
(2) The output of the ampli f ier was 
m a d e 10 t i m e s as l a rge as needed at 
the scopes so that it could be a t tenu-
a ted at the scopes and reduce the ef-
fec ts of any ground noise that ex is ted 
between ampl i f ie r output and scope input. Th is sys t em gave cons ide rab ly l e s s 
no i se than the sys t em in use , and it (or a s i m i l a r sys tem) will be ins ta l l ed as 
soon as ex t r a power suppl ies become avai lab le from the e l e c t r o s t a t i c s torage 
tube equipment . 
3-4 . T e s t Stand 
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Magnet ic Tape 
' l h e r e have been s e v e r a l m i n o r i m p r o v e m e n t s in the magnet ic t ape p r i n t -
out equ ipment . The t y p e w r i t e r is now housed in a sound-absorb ing cab ine t to 
reduce no i se , and the c o n t r o l s for the se lec t ion of the unit to pr int f r o m a r e on 
the cab ine t . Opera t ion h a s been fu r the r s implif ied by the addi t ion of an au toma t i c 
rewind f ea tu r e . 
Lately it was d i s c o v e r e d that the heads of the tape un i t s were being worn 
flat by the a b r a s i v e act ion of the oxide coa t ing . Th i s t roub le has been c o r r e c t e d 
by r eg r ind ing the head s u r f a c e to m a k e it round aga in , but the reground head often 
will not read back c o r r e c t l y tape that had been p rev ious ly r e c o r d e d on i t . In the 
fu ture , s e m i - p e r m a n e n t da ta will be r e c o r d e d on a second tape uni t , and the second 
tape s t o r ed away a s i n s u r a n c e in c a s e of fa i lure of the head of the f irs t un i t . 
P h o t o e l e c t r i c l a p e R e a d e r 
The new F e r rant i pho toe l ec t r i c 
tape r e a d e r s , F i g . 3 -5 , have a r r i v e d , 
and af te r they have been tes ted and 
modified to sui t our equ ipment , they 
will r e p l a c e the old ERA unit we now 
have . The old unit has been causing 
t rouble f rom t i m e to t ime because of 
i t s low m a r g i n s of ope ra t i on . The 
s igna l s appea r to be get t ing weaker , 
p r e s u m a b l y b e c a u s e of m e c h a n i c a l 
wea r and i n c r e a s e d loss in the light 
r o d s . The new r e a d e r does not u s e 
light r o d s , and it will not r e q u i r e the 
use of opaque t a p e . This m e a n s that 
s t a n d a r d te le type tape, m u c h e a s i e r 
on the tape-punching equipment , can 
be u s e d . 
F i g . 3 - 5 . F e r r a n t i P h o t o e l e c t r i c Tape 
R e a d e r 
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3.3 Electrostatic Storage 
During the f i r s t half of th is q u a r t e r , cons t ruc t ion and tes t ing fac i l i t ies of 
the S torage Tube Group were opera ted a t full capac i ty to mee t r e q u i r e m e n t s for 
8 0 0 - s e r i e s tubes in the e l e c t r o s t a t i c - s t o r a g e s y s t e m . (This s e r i e s of tubes had a 
conductive coating of s tann ic -ox ide inside the enve lope . Opera t iona l expe r i ence 
d e m o n s t r a t e d that s t ann ic -ox ide re leased l e s s gas under ion bombardmen t than 
the usual aquadag coa t ing . ) 
Midway in the q u a r t e r it was decided to ins ta l l m a g n e t i c - c o r e s to rage in 
the compute r . All fur ther s to rage - tube r e s e a r c h and development was hal ted , 
and p e r s o n n e l a s s o c i a t e d with that work w e r e t r a n s f e r r e d to o ther Groups . R e -
maining pe r sonne l continued to d i rec t mos t of their efforts toward product ion of 
8 0 0 - s e r i e s tubes . 
P r i o r to the dec i s ion to supplant e l e c t r o s t a t i c s torage in WWI with m a g -
n e t i c - c o r e s t o r age , the Storage Tube Group was producing an ave rage of four 
8 0 0 - s e r i e s s t ann i c -ox ide - coa t ed s torage tubes and one r e s e a r c h tube per week. 
The now-reduced staff is expected to tu rn out five 8 0 0 - s e r i e s tubes every two 
weeks until p roduct ion s tops in October . 
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4. CIRCUITS AND COMPONENTS 
4.1 Vacuum Tubes 
4 . 1 1 Vacuum-Tube Life 
During the pas t q u a r t e r the W tfl computer opera ted 1800 h o u r s . Cons id -
e r ing that it underwent a m a j o r change from a compute r using e l e c t r o s t a t i c s t o r a g e 
to one using m a g n e t i c - m a t r i x s to rage , this is quite a g rea t amount of t i m e . The 
change in s to rage caused a ma jo r r ev i s ion in the tube complemen t of the m a c h i n e . 
However , c o r r e c t e d p a r t s l i s t s a r e not yet ava i l ab le . Since WWI was an e l e c t r o -
s ta t ic machine dur ing m o s t of the las t q u a r t e r , it i s probably sa t i s f ac to ry for the 
p u r p o s e s of fa i lu re a n a l y s i s to use the old pa r t s l i s t . These f igures appea r a s the 
t o t a l - i n - s e r v i c e quan t i t i e s of Table 4 - 1 , which l i s t s all tube f a i lu res dur ing the 
thi rd q u a r t e r of i953 . 
Average fa i lu re r a t e s for the t h r e e major types in WWI have been computed 
for opera t ion dur ing the p a s t q u a r t e r . This data, together with p rev ious e x p e r i -
ence , i s shown below: 
FAILURE RATE, PERCENT PER 1000 HOURS 
F i r s t Q u a r t e r S e c o n d Q u a r t e r T h i r d Q u a r t e r 
Tube Type 1952 19 53 1953 
7AD7, SR1407, 6145 2 .00 4 . 5 3 .1 
7AK7 0 .26 0 . 7 0 .4 
6SN7GT 1.07 1.5 2.0 
This data for the 7AK7 and 6SN7GT is quite valid and i s not open to 
s e r i o u s ques t ion . The s a m e cannot be sa id for the data on the 7AD7/SR 1407/6 145 
t ypes . These fo rm a well mixed population, and the n u m b e r s of each type in 
ac tua l use a r e unknown. Because of the many tubes involved, it is a c o n s i d e r a b l e 
task to d e t e r m i n e the d i s t r ibu t ion by t y p e s . The 7AD7 tubes , total ing about 1000, 
cont r ibuted 104 of the total 169 fa i lu res for the 3 s i m i l a r t ypes . Hence , the 7AD7 
fa i lu res govern in l a rge m e a s u r e the total fa i lure r a t e , al though the 7AD7 tubes 
cons t i tu te onl / about 1/3 of the populat ion. 
Types 6080 and 6CD6G a r e l a r g e l y used in the m a g n e t i c - m a t r i x m e m o r y . 
As noted above, t he se types a r e not l i s t ed in the tube complemen t s ince the bil l of 
m a t e r i a l s is not ye t up to d a t e . The l a r g e number of 6080 f a i l u r e s occu red when 
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The major cause of fa i lure was a g r i d - t o - g r i d shor t of the h i g h - r e s i s t a n c e t y p e s , 
with r e s i s t a n c e va lues most ly between 1 and 10 m e g o h m s . These tubes a r e used 
with the g r id s t ied together ex te rna l ly , so that the hi h - r e s i s t a n c e sho r t s had no 
effect on c i r cu i t opera t ion . The cause of the shor t s was a film deposi ted on the 
top shield mica by subl imat ion of m a t e r i a l f rom inside the ca thode . 
4 . 12 Vacuum-Tube R e s e a r c h 
Thes i s r e s e a r c h on the prob lem of cathode s tabi l i ty has cont inued at an in-
tensive level dur ing this q u a r t e r . A total of e ight specia l r e s e a r c h tubes have been 
cons t ruc ted and tes ted thus far . These tubes allow the m e a s u r e m e n t of ca thode 
potential changes caused by changes in the c u r r e n t through the ca thode . Thus far , 
the techniques have been evaluated and tes ted , but no obse rva t ions of the change in 
cathode voltage have been made because these tubes have such low r e s i s t a n c e 
cathodes that changes do not occur under the usua l test condi t ions . Some tubes will 
be placed on life in the very nea r future to d i scove r if life opera t ion cont r ibuted 
to the phenomenon. Other modificat ions to the ca thodes can be m a d e by c e r t a i n 
specia l t e s t condi t ions; these modif icat ions will be s tudied while o ther tubes a r e 
operat ing on life tes t . 
Theore t i ca l ana lys i s shows that changes in the cathode r e s i s t a n c e when the 
cathode is caused to draw c u r r e n t depend upon the amount of c u r r e n t drawn and the 
amount of cathode r e s i s t a n c e observed under pulsed condi t ions . According to the 
ana ly s i s , t h e r e is a l imi t to the amount of s teady c u r r e n t that can be drawn; this 
l imit is r eached when the voltage d rop a c r o s s the cathode for the same c u r r e n t 
under pulse condit ions is between 0. 15 to 0. 34 volt at the usual cathode t e m p e r -
a t u r e s . Only the s t eady - s t a t e condit ions have been analyzed thus far in de ta i l , 
but the t r ans i en t equat ions have been wri t ten for compute r solution. 
Life t e s t s a r e now in p r o g r e s s for 5965, 6145, and 7AK7* t u b e s . The 6145 
and 7AK7 life t e s t s still appear about as r e p o r t e d in S u m m a r y Repor t 34. However , 
the s ta tus of the 5965 tes t has changed somewhat . Th i s life tes t was ope ra t ed to 
1500 hours with one side conducting, the o ther side cut off. F o r this p a r t i c u l a r 
twin t r iode , a d i s s ipa t ion of about 1. 2 wat ts s eemed r easonab le for the conduct ing 
s ide , and this condit ion was used for the f i r s t 1500 hours of life. However , i n t e r e s t 
developed in the poss ib i l i t i e s for using this tube at a h igher level of d i s s ipa t ion , 
and so the d iss ipa t ion of the tubes on life test was i n c r e a s e d at 1500 hours toabou t 
2 .3 wa t t s . They have been run with the conducting side a t this h igher d i s s ipa t ion 
for the l a s t 1000 h o u r s . 
During the f i r s t 1500 hours no major changes w e r e obse rved in the t ubes . 
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Fig . 4 - 1 . W W I T u b e F a i l u r e s 
CIRCUITS AND COMPONENTS 
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1 he plate c u r r e n t level shifted but s l ight ly, and the two halves of each tube c o m -
p a r e d quite we l l . In the past 1000 hours two tubes have shown some cons ide rab le 
d e t e r i o r a t i o n of the conducting s ide . T h e r e s e e m s to be some cathode damage 
which causes " d r o o p " of the type d i s c u s s e d above. T h e r e has been no opportunity 
for careful a n a l y s i s of these tubes as yet . It is very l ikely that the catl iodes w e r e 
damaged by the higher level of d iss ipa t ion during the pas t 1000 h o u r s . 
Only one of the ten sec t ions of the 5965's has developed any in te r face i m p e -
dance by 2500 h o u r s ; the value is only Z o h m s . It s e e m s quite likely that in ter face 
impedance will not be a p rob lem with this tube. Some e l e c t r i c a l leakage has been 
obse rved , but the leakage c u r r e n t s were well under 1 m i c r o a m p . Nei ther a p p r e -
c iab le gas n o r g r i d emis s ion has been obse rved . 
4 . 2 Component Replacements in W W I 
Fig . 4 - 2 l i s t s the r e p l a c e m e n t s of components other than tubes during the 
th i rd qua r t e r of 1953 (see p . 13). 
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5. ACADEMIC PROGRAM 
5.1 Summer Session 1953 
A spec ia l two-week s u m m e r p r o g r a m in digital c o m p u t e r s and thei r app l i -
ca t ions , s i m i l a r to the one given in the s u m m e r of 1952, was offered at MIT from 
August 24 to Sep tember 4, 1953. Much of the staff of the Scientific and E n g i n e e r -
ing Computat ion Group was t e m p o r a r i l y a s s i g n e d to the MIT S u m m e r Sess ion a s 
l e c t u r e r s and i n s t r u c t o r s . In conjunction with the c o u r s e , a ve ry e l abo ra t e con-
v e r s i o n and i n t e r p r e t i v e rout ine was developed to make the Whirlwind I Computer 
s imula te a hypothet ica l , idea l ized compute r a s de sc r ibed in Section 5.4 of this 
q u a r t e r l y r e p o r t . 
The c l a s s of 106 s tudents r e p r e s e n t e d 67 different o rgan iza t ions , including 
28f rom 1 8 c o m m e r c i a l and bus ine s s g roups , 53 from 39 indus t r i a l r e s e a r c h groups , 
25 from 10 m i l i t a r y and gove rnmen t e s t a b l i s h m e n t s . The s tudents a t tended l e c t u r e s 
each morn ing . During the a f te rnoons they w e r e divided into 9 sec t ions (about 12 
s t u d e n t s p e r i n s t r u c t o r ) and worked in t e a m s , of about 4 s tudents each , on the p r e -
pa ra t ion of ac tua l s u m m e r s e s s i o n compu te r p r o g r a m s for the solution of two dif-
ferent p r o b l e m s . Each t eam se l ec t ed one prob lem from each of the two groups 
below, the f i r s t being s imple p r o b l e m s which were p r o g r a m m e d , punched, and 
run on the Whirlwind I compute r during the f i r s t 4 days of the c o u r s e , the second 
being longer p r o b l e m s which w e r e gene ra l ly , butnot un ive r sa l ly , comple ted by the 
s tudent and run on the Whirlwind I c o m p u t e r . The poker p rob lem (V) was sug-
ges ted for those i n t e r e s t e d in log i s t i c s and tu rned out to be the m o s t difficult. 
Minor P r o b l e m s I (a) P lo t the t r a j e c t o r y of a ball bouncing on a 
hor izonta l p lane , 
(b) S a m e , making it hit a hole in the p lane . 
II (a) P r i n t the final value of $1 .00 deposi ted at 3% 
i n t e r e s t compounded annually s ince 1626, rounded 
down eacli y e a r , 
(b) Same , rounded to n e a r e s t even cent each y e a r . 
Major P r o b l e m s III Mor tgage Loan Remit tance Allocat ion. 
IV Inventory Cont ro l . 
V Select ion of the winning hand from 5 given poker 
hands . 
VI De te rmina t ion of the Roots of a Po lynomia l . 
ii 
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VII Solution of a Sys tem of Simul taneous Linear 
Algebra ic Equations 
VIII Solution ofb u /6 x = c6u /&t with u(o, t) • 
u(a, t) = uQ ; u(x, 0) = 0 
IX Analyt ical T r e a t m e n t of P o w e r S e r i e s 
In addi t ion to D r . Stanley Gill of Cambr idge Univers i ty , who spent the s u m -
m e r at the Digital Computer L a b o r a t o r y , Dr. M. V. Wilkes of Cambr idge and M r . 
B r u s e Moncrieff of Bat te l le Memor ia l Institute spent the two weeks at MIT as g u e s t s 
and cont r ibu ted to the c o u r s e as l e c t u r e r s and a d v i s e r s . Ten m a n u f a c t u r e r s of 
c o m m e r c i a l computing equipment sent r ep : - j e n t a t i v e s to de sc r ibe thei r equipment 
dur ing four evening ga the r ings . 
5.2 ACM Meeting at MIT 
Five hundred and twenty-eight pe r sons r e g i s t e r e d at a t h r e e - d a y annual 
mee t ing of the Assoc ia t ion for Computing Machinery held a t M a s s a c h u s e t t s I n s t i -
tute of Technology on September 9, 10, and 11, 1953. Seventy p a p e r s were p r e -
sented in two se t s of pa r a l l e l s e s s i o n s as follows: 
Punched C a r d Techniques 
Punched Card Techniques 
N u m e r i c a l Ana lys i s 
Wednesday 
Thur sday 
Digital Computer Techniques 
Digital Computer Mathemat i c s 
Recent Sys tems Developments 
Punched Card Mathemat ics 
Logical Algor i thms 
Analog Computat ion 
Digital Compute r P r o g r a m m i n g 
Digital Compute r P r o g r a m m i n g 
F r i d a y 
N u m e r i c a l Solution of P a r t i a l Differential 
Equat ions 
Opera t ion of a Computat ion Center 
Opera t ion of a Computat ion Center 
The Digital Computer Labora to ry coopera ted with the Office of S ta t i s t i ca l 
S e r v i c e s and with the Indus t r ia l L ia i son Office, Dynamic Analys i s and Con t ro l 
L a b o r a t o r y , and the D e p a r t m e n t s of P h y s i c s , Ma themat i c s and E lec t r i ca l E n g i -
n e e r i n g in the actual conduct of the meet ing. 
Analog Computat ion 
Bus iness Data Handling 
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5.3 Fall Term 1953 
6. 535 In t roduct ion to Digital Computer Coding and Logic 
Notes s i m i l a r to those used for the two-week s u m m e r sess ion p r o g r a m and 
featuring the so - ca l l ed S u m m e r Sess ion Compute r a r e being used in th i s r egu l a r 
graduate subject for which 35 s tudents have r e g i s t e r e d . F o r the f irs t t i m e , s tudents 
in 6.535 a r e p repa r ing and actual ly executing a p rac t i ce p r o g r a m , using the Whir l -
wind I Compute r to s imula te the S u m m e r Sess ion Compute r . 
6. 567T Switching C i r cu i t s 
Two sec t ions a r e scheduled to handle the L8 s tuden ts r e g i s t e r e d for this 
rapidly expanding c o u r s e . An excel lent ly equipped l abo ra to ry augments the Boolean 
a lgebra theory with p r a c t i c e . 
6. 25 Machine-Aided Ana lys i s 
This new survey cou r se in machine techniques is in tended toacqua in t E l e c -
t r i ca l Engineer ing s e n i o r s , and o t h e r s , with the potent ia ls of analog c o m p u t e r s , 
n u m e r i c a l a n a l y s i s , punched c a r d equipment and digital c o m p u t e r s . P r o f e s s o r s 
Linvi l l , Scott , and A d a m s , and D r s . Verzuh and Booton a r e col labora t ing in of-
fering this c o u r s e to 25 s tudents . Each student will, among other th ings , solve a 
sample different ial equation by hand and on a REAC, a C P C , and Whirlwind I. 
M411 N u m e r i c a l Analys i s 
Offeredfor the second t ime by P r o f e s s o r F . B. Hi ldebrand in the M a t h e m a -
t ics Depa r tmen t and us ing the text by Milne and course n o t e s , M41 1 has 24 r e g i s -
t e r e d s tuden ts and four l i s t e n e r s . 
2. 215 Numer i ca l Analys i s 
P r o f e s s o r S. H. Cranda l l of the Mechanical Engineer ing Depar tmen t u s e s 
comprehens ive notes of his own in this s e c o n d - y e a r - g r a d u a t e course being taken 
by 8 s tuden t s . 
Digital Compute r L a b o r a t o r y P r o g r a m P r e p a r a t i o n Office 
To faci l i ta te the c l a s s work in 6. 535 and 6. 25 as well a s to make the Labo-




F l e x o w r i t e r s , a film v i e w e r , e t c . , has been set up within the D e p a r t m e n t of 
E l e c t r i c a l Eng ineer ing a r e a in Building Ten. A senior staff m e m b e r is ava i lab le 
a s a consul tant on new p r o b l e m s and to aid p r o g r a m m e r s gene ra l ly . A technical 
a s s i s t a n t spends full t ime working for MIT u s e r s , Half of her t ime i s spent in the 
office a s s i s t i n g u s e r s in making t a p e s , c o r r e c t i n g m i s t a k e s , r eques t ing computa -
tion t ime, col lect ing and i n t e rp re t i ng r e s u l t s , and so forth; the o the r half of h e r 
t i m e is spent in the Ba r t a Building p r o c e s s i n g the tapes and p e r f o r m a n c e r e q u e s t s 
and o the rwise act ing a s an agent for the s tudent u s e r s . Th i s new faci l i ty opened 
i t s doors on the l a s t day of the q u a r t e r and no definite ev idence is yet avai lable a s 
to the s u c c e s s of the under tak ing . 
5.4 Summer Session Computer 
The MIT S u m m e r Session Compute r , hereaf te r r e f e r r e d t o a s the SS C o m -
p u t e r , does not exist a s an a s s e m b l y of e l ec t ron ic a p p a r a t u s ; r a the r i t s r ea l i za t ion 
is achieved by a p p r o p r i a t e convers ion , a s s e m b l y , and i n t e r p r e t i v e rou t ines o p e r a -
t ing in the Whirlwind I C o m p u t e r . 
In o r d e r to allow students to wri te and opera te p r o g r a m s within only a few 
days after t h e i r in t roduct ion to the basic concep t s of digi tal c o m p u t e r s , p r o g r a m -
ming had to be easy to l e a r n , a n d t each . In addition, it was n e c e s s a r y to provide 
m e a n s for finding m i s t a k e s in p r o g r a m s , m e a n s which w e r e s imple to use and the 
r e s u l t s of which were e a s y to i n t e r p r e t , so that , within the very s h o r t t ime a v a i -
l ab l e , s tudents would w r i t e one or m o r e p r o g r a m s and run them success fu l ly on the 
c o m p u t e r . The SS C o m p u t e r , the development of which requ i red about 12 m a n -
months of work by expe r i enced p r o g r a m m e r s , i s a n a t t e m p t t oach ieve these g o a l s . 
5 .41 Descr ip t ion of the SS Compu te r 
The SS Computer i s a s i n g l e - a d d r e s s , m e d i u m - s p e e d (about 600 ope ra t ions 
p e r second) digi tal c o m p u t e r with a basic word length of 28 b ina ry digi ts and a 
4 - b i n a r y - d i g i t tag. Each word is s t o r e d in two consecut ive 16-b inary-d ig i t W h i r l -
wind I r e g i s t e r s . T h e r e a r e th ree k inds of w o r d s : (1) f ixed-point i n t e g e r s , (2) f loa t -
ing-point n u m b e r s , and (3) i n s t r u c t i o n s . Input to the compute r i s by means of 
punched F l e x o w r i t e r p a p e r tape; output equipment inc ludes a d i r e c t p r in t e r , a 
"de layed" p r i n t e r for l a t e r pr in t ing of informat ion r e c o r d e d at h igh speed on 
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magnet ic tape, and an o sc i l l o scope , on which individual points may be plotted by 
the computer and the r e s u l t observed a n d / o r s imul taneously au tomat ica l ly photo-
g raphed . 
In tegers and N u m b e r s 
Fixed point i n t e g e r s a r e r ep re sen t ed by 28 bi ts , the f i r s t being the sign, 
the l a s t 27 bits r e p r e s e n t i n g the magnitude of the i n t ege r . Since 2 = 134, 217, 728 
is app rox ima te ly equal to 10 , in tegers may be thought of a s roughly equivalent to 
8 dec ima l d i g i t s . 
An i n t e g e r is w r i t t e n in an SS program with a + sign (may be omit ted) 
or - sign, followed by 1 to 8 decimal d ig i t s , and i s t e rmina ted by e i the r a tab or 
c a r r i a g e r e t u r n . 
Float ing point numbe r s are n u m b e r s in the fo rm A . 2 , where B is an in te -
ger and A is a fract ion with —< JAJ< 1. In the SS Computer the m a n t i s s a A is r e -
2 20 
p re sen t ed by a s ign and 20 b i t s , the exponent B by a sign and 6 b i t s . Since 2 • 
1,048, 576 is a p p r o x i m a t e l y equal to 10 , numbers in the SS compu te r have 6 d e -
c ima l digits of p rec i s ion . The 6 b inary digits ava i lab le for the magni tude of the 
exponents a l low non-ze ro n u m b e r s to range in magni tude from 2 to 2 or a p -
-19 +19 -63 
p rox imate ly f rom 10 to 10 . Z e r o has the special r e p r e s e n t a t i o n 0 x 2 , 
i . e . , a zero m a n t i s s a , and a negative exponent of the l a rges t p e r m i s s i b l e m a g n i -
tude . A number wri t ten wi th a decimal point is t r e a t e d as a f loat ing-point n u m b e r . 
Al te rna t ive ly , o r in addit ion to the dec ima l point, a number intended a s a floating-
point number m a y be followed by the l e t t e r x and 10 to some power ; thus any of 
the following a r e t reated a s f loating-point n u m b e r s : 
-12.73 + .0063 x 1 0 " 2 + . 0 97 .6 x 104 
A r i t h m e t i c Element 
The A r i t h m e t i c E l e m e n t cons is t s of pr incipal ly an Accumula to r (AC), which 
dea l s with e i t h e r in tegers o r f loating-point n u m b e r s a s the s i tua t ion d e m a n d s . 
When i n t e g e r s a r e involved, the AC conta ins a sign and 54 b i t s , i . e . , is 
double- length . Another r e g i s t e r , known as the Remainde r R e g i s t e r (RR) may be 
thought of a s a kind of r i g h t - h a n d extension of the AC - - the RR holds the r e m a i n d e r 
af ter unrounded division of one integer by another . 
* The remain ing 4 bits of the 32 available compr i se a so-ca l led logical informat ion 
tag. This tag conta ins in fo rmat ion about the kind of word, i . e . , i n t ege r , number , 
ins t ruc t ion , or undefined, a n d also whether the word has been a l t e r e d from i ts o r i -
ginal form dur ing the o p e r a t i o n of a p r o g r a m . 
18 
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S u m s , d i f f e rences , p roduc t s , or quot ients may be a s l a r g e as 2 
without exceeding the capaci ty of AC, but only n u m b e r s l e s s than 2 *** 10 in 
magni tude may be copied from AC into s t o r a g e . N u m b e r s which become s m a l l e r 
- 19 than 10 a r e au tomat ica l ly set to ze ro when copied into s t o r a g e . 
To d i s c o u r a g e l i t t le t r i c k s and to h e l p i so la te rea l m i s t a k e s , one spec ia l 
r e s t r i c t i o n is that i n t e g e r s and n u m b e r s may not be mixed in the AC; e . g . , it i s 
not p e r m i t t e d to add an integer to a number . If such mixed opera t ion is a t t empted 
the c o m p u t e r s tops and p r in t s out information likely to be useful to the p r o g r a m m e r 
in diagnosing the m i s t a k e . This automat ic p r in t -ou t when a p r o g r a m m i n g m i s t a k e 
i s m a d e i s ca l led a "computa t ion p o s t - m o r t e m , " and m o r e will be said of it l a t e r . 
Words in the SS Computer 
In s t ruc t ions a r e r e p r e s e n t e d in the SS Computer by an opera t ion sec t ion , 
an a d d r e s s sect ion, and an addit ional "counte r l e t t e r " to se lec t one of 7 c o u n t e r s , 
o r no counte r at a l l . The coun te r s a re used for cyc le -count ing and a d d r e s s m o d -
ification (like the M a n c h e s t e r B-box), a s will be expla ined. 
T h e r e a r e 35 ope ra t i ons , including: a r i t h m e t i c ope ra t ions (most of which 
apply equal ly well to e i the r n u m b e r s or i n t e g e r s ) , o p e r a t i o n s which copy w o r d s 
from one place to a n o t h e r , " j u m p " ope ra t ions for in t e r rup t ing the no rma l ly con-
secut ive c a r r y i n g out of i n s t ruc t ions , o p e r a t i o n s for changing the conten ts of the 
c o u n t e r s , and o p e r a t i o n s for control l ing the in-out equipment . Opera t ions a r e 
specified by the p r o g r a m m e r a s a mnemonic combinat ion of t h r e e lower c a s e 
l e t t e r s , a tabulat ion of which is given on the next two pages a long with the m e a n -
ings of the th ree l e t t e r s , the definition of e a c h a s s o c i a t e d ins t ruc t ion , and i n f o r m -
ation about what m a y cause a p o s t - m o r t e m when pe r fo rming each i n s t r u c t i o n . 
A d d r e s s e s m a y be wr i t ten in absolute o r floating form. An absolute a d d r e s s 
i s any pos i t ive i n t ege r 0 through 299. (This l imi ta t ion thus r e s t r i c t s SS p r o g r a m s 
to a m a x i m u m length of 300 w o r d s . ) A floating a d d r e s s i s a single lower c a s e 
l e t t e r (except o or 1) followed by not more than 3 d ig i t s . 
F loa t ing a d d r e s s e s a r e used as p a r t of an ins t ruc t ion by wr i t ing , for e x -
ample : 
ccf b3 
The word r e f e r r e d to by the ins t ruc t ion ccf b3 mus t have the floating ad -
d r e s s b3 a s s igned to it . This is done by us ing a c o m m a ; thus 
b3, 750 
will tag the r e g i s t e r containing the in teger 750 with the floating a d d r e s s b3 so that 
al l i n s t r u c t i o n s in the p r o g r a m with b3 as t h e i r a d d r e s s sec t ions will r e fe r to th i s 
s ame r e g i s t e r . 
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INSTRUCTION 
ccf al 
11 i ,il 
cnf al 
cmf a 
















j i r al b 












copy con ten t s f rom 
copy con ten t s into 
copy nega t ive f rom 
copy magni tude froi 
copy r e m a i n d e r int( 
exchange 
add 
s u b t r a c t 
mul t ip ly by 
divide by 
divide holding 




- C ( i l t i b ) - ^ C 
|C(al + ib)|-WVC 
CfRRH-al+i^ 
C(AC)-*al+ib > C(al+i b ) -*AC 
C(AC) + C(al+i b ) -^AC 
C(AC) - C(al+ib)—AC 
C(AC) x C ( a l t t b ) - . A C 
divide C(AC) by C(al+i b ) 
rounded quot ient-*AC 
divide C(AC) by C(al + i. ) 
quot ient -»AC, r e m a i n d e r — R R 
POST-MORTEM*i f 
ML, 
4A, 5A, 9U 
14L, 15L 
14L, 15L 
4A, *A. U L , 9U 
1A, 12L, 3U 
1A, 12L. 3U 
1A, 12L. 3U 
IIA, 12L. 3U 
I1A, 13L 
t r a n s f e r e x c e s s into 
j u m p 
j u m p if pos i t ive 
j u m p if nega t ive 
j u m p if z e r o 
j u m p if r e m a i n d e r 
j u m p if e x c e s s 
se t r e t u r n a d d r e s s * * 
copy a d d r e s s f rom** 
copy a d d r e s s into** 
r e s e t {counter b) 
jump if i ncomple t e 
j u m p if c o m p l e t e 
i n c r e a s e (coun te r b) 
d e c r e a s e ( coun te r 6) 
copy index into 
c o n v e r t 
s top 
divide C(AC) by 2* 7 
quot ient-»al+i , , r e m a i n d e r - » A C 
take next i n s t r . from a l + k 
di t to , if C ( A C ) > 0 
di t to , if C ( A C ) < 0 
di t to , if C(AC) = 0 
d i t to , if C(RR) 4 0 
dit to, i f |C(AC) |M 2 7 
r ep lace a d d r e s s sect ion of 
C ( a l + i J with 1+the a d d r e s s 
of the r e g i s t e r containing the 
m o s t r e c e n t j m p or condi t ional 
jump which took effect 
a d d r e s s sec t ion only (as an 
in t ege r ) of C(a l+ i b ) - .AC 
C(AC) b e c o m e s the new 
a d d r e s s sec t ion of C(al+i b ) 
s e t i b = 0, n b m 
i n c r e a s e i, by 1, then j u m p 
. o a i i r , b < \ 
i n c r e a s e i, by 1, then jump 
i n c r e a s e both i and n. by m 
d e c r e a s e both i, and n by m 
i a s an i n t ege r -»a l 
C(AC) a s an i n t e ; e r - * A C 
C(AC) a s a n u m b e r - ^ l t i . 
s top the compuLalion 
10U 
17L 


























*The p r o g r a m m i n g m i s t a k e s which r e s u l t in a p o s t - m o r t e m a r e l i s t e d on the next page . A p o s t - m o r t e m 
r e s u l t s while p e r f o r m i n g an i n s t r u c t i o n if an-, of the p r o g r a m m i n g m i s t a k e s l i s ted with that i n s t ruc t ion a r e 
m a d e . A p o s t - m o r t e m will a lways occu r if (a l+ i . ) > 300 or if (al+i )< 0. 
**When execu t ing th is i n s t r u c t i o 
the i n s t r u c t i o n in r e g i s t e r al+i . 
a coun te r l e t t e r , if any . of the a d d r e s 
so 
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f r a m e (scope) t 
read in numer i ca l l y 
type c h a r a c t e r 
DEFINITION 
plot a point on the scope 
a t x = C(al+i b ) and y C(AC) 
move the next film f r a m e into 
place and open the c a m e r a 
but ter if il was c losed 
read the next c h a r , via the M T 
into AC a s a pos . inte . 
r ead the next comple te intt- .-r 
or number via the MTU int.* Al 
r e c o r d on de layed p r i n t e r (m) , 
or on d i r ec t p r i n t e r (m + 100), 
the F lexo . c h a r , specified by r 
r e c o r d on de layed p r i n t e r ( m ) , 
or on d i r ec t p r i n t e r (m+100). 
C(AC) a s specif ied by m 
(See table below) 
POST-MORTEM*if 
6A. 8 L , 14L 
15L. 9U 
(Comp. s tops if 
no t ape in MTR) 
1A, 2A, (a lso 
see r ic above) 
4A , 5A, 8L 
HI, 21U 
Tabulat ion of m • lea fo with tyn 
m ini t ia l z e r o s 
0 ignored 
1-9 pr inted 
11-19 spaced ove 
21-29 ignored 
Example s C(AC) = 1234 
tynO 1234 
tyn 103 P o s t - M o r i e i 
tyn5 01234 
no. of d ig i t s 
pr inted = d 
124*9 
d=m 
r I < d * ( m - 1 0 
d=m-20 




t y n l l 6 **1234 , ***-789 , 
tyn23 * 1 . 2 3 x 1 0 J * * * -7 .89x10 *** 
* r e p r e s e n t s a 








* * * * * c 
* 4 . 7 9 x 
space 
PROGRAMMING MISTAKES which 
1A. R e s u l t i s an in teger of 
iU . R e s u l t i s a number of 
4A. R e s u l t i s a number of 
5A. C(AC) i s a number of i 
6A. |C(AC)I » 1024 or |C(a 
7A. C(AC) i s not a posit ive 
St.. C(AC) i s a n ins t ruct io t 
9U. C(AC) i s undefined 
magni tude > 2 
, a » >bi 
magni tude £ 2 
nagn i tude 1 2 
nagni tude 2 2 
+ib)l > 1024 
integer * 300 
iOU. C(AC) is not an in teger 
i IA . C(a l+ i b ) • 0 
A - Ar thmct ic overflow L 
DEFINITIONS OF SYMBOLS 
• b e c o m e s the new 
AC A c c u m u l a t o r 
C(al) Con ten t s of regi 
con ten t s of 










2 1 0 . 
38. neg. p r i n t s as 
d d+1 0 
m m+1 m O's |C(AC]|> 1 0 m 
-10 m - 9 s e e e x a m p l e s |C(AC)|> I 0 m 
-11 m - 1 1 0 
.004786 C(AC) • 13.57 D i r e c t / D e l a y e d 
14 Delayed 
014 D i r e c t 
000 14 Delayed 
*+**14 D i r e c t 
10 ** * 1 . 36x10**** Delayed 
an the p r in ted copy 
c a u s e a POST-MORTEM 
C(AC) and C(al+iD) a r e not e i ther both i n t ege r s 
C(AC) and C{al+ifc) a r e not both i n t e g e r s 
Cfal+ib) is undefined 
C(al+i b ) is an i n s t r u c t i o n 
C(al + ib) is not an i n s t r u c t i o n 
If C(al+iD) is not an in s t ruc t ion and the jump t akes 
effect, the P o s t - M o r t e m will occu r after the j u m p 
is executed 
Resul t ing magni tude of i b » M 2 
m > 5 1 2 
m > 7 7 or m c o r r e s p o n d s to an i l l ega l F lexo c h a r -
a c t e r 
m 10 or m= 20 or m r »u 
- Logica l m i s t a k e U - Unl ikely m i s t a k e 
any floating a d d r e s s , i . e . , any l e t t e r e x c e p t O Of 1. fol-
RR 
MTR 
lowed by any non-nega t ive d«( imal in tege r < 1000. 
Con ten t s of the r e g i s t e r whose a d d r e s s is obtained by adding to al the value of i D . 
The index a s s o c i a t e d with counter b, whe re b r e p r e s e n t s any of the 7 c o u n t e r ! ft, b, c, d, e, 
o r g. Except for the 6 In s t ruc t ions r s l , Jii , j i c , i nc . dec , c i i , a c o u n t e r l e t t e r need not be 
spec i f ied at a l l . 
The c r i t e r i o n a s s o c i a t e d with coun te r b . 
R e m a i n d e r R e g i s t e r , whii h bol I the r e m a i n d e r af ter dhr and is not 1 hanged by any other in 
M ruc t ion . 
Mechanica l l*f* d e a d e r Into Which la Inse r t ed a punched Flexo tape to be read in under the 
t ro l of the compute r . 
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F o r c o r r e c t i o n p u r p o s e s only, words may be a s s i g n e d to r e g i s t e r s by 
wr i t ing , for e x a m p l e , 
b3 | -750 
Fol lowing the floating a d d r e s s by the v e r t i c a l bar i n s t e a d of a c o m m a r e s u l t s 
in the p rev ious contents of the r e g i s t e r b3 being r ep laced , in th is c a s e , by the 
* 
i n t ege r -750 . 
A counte r l e t t e r (a, b , c, d, e , f, or g) m a y b e appended to the a d d r e s s s e c -
tion of an in s t ruc t ion , and the conten ts of the specif ied index will be a d d e d to the 
a d d r e s s sec t ion of any such in s t ruc t ion before the i n s t ruc t ion i s execu ted without 
changing the or ig ina l fo rm of the ins t ruc t ion in s t o r a g e . E t c h of the 7 c o u n t e r s 
c o n s i s t s of an index and a c r i t e r i o n , i and n , i, and n, , e t c . , r e s p e c t i v e l y . In 
a a b b • r i 
an o r d i n a r y cyc l i c p r o c e s s i, , for e x a m p l e , i s s e t to 0 and the c r i t e r i o n i s se t to 
some value n, . Then, for each step in the cycle, i, i s i n c r e a s e d by 1 unti l i, • n, , 
at which t ime the cycle is c o m p l e t e . The c o u n t e r s a r e d e s i g n e d p r i m a r i l y for 
counting and for modifying a d d r e s s e s , al though o ther app l i ca t ions a r e p o s s i b l e . 
P r o g r a m m e d Output 
The re a r e th ree output dev ices : (1) A scope on which d i s c r e t e po in t s may 
be p lo t ted . A c a m e r a is a t tached to the scope so that a display m a y be pho tographed 
if a p e r m a n e n t r e c o r d is d e s i r e d . The opera t ion pat and frc a r e used in con t ro l l ing 
the s cope . (2) A " d i r e c t " t ypewr i t e r on which i n t e g e r s and a r b i t r a r y c h a r a c t e r s 
may be r e c o r d e d at the r a t e of 10 per second. (3) A "de layed" t y p e w r i t e r on which 
the s a m e so r t of c h a r a c t e r s may be r e c o r d e d in F l e x o w r i t e r - c o d e d f o r m on m a g -
net ic tape at a r a t e of 125 pe r second and l a t e r typed out at 10 pe r second while the 
compu te r i s doing something e l s e . The ins t ruc t ion tyc m will type the F l e x o c h a r a c -
ter whose octal equivalent is equal to the a d d r e s s sec t ion m. The i n s t r u c t i o n tyn m 
will type out the contents of AC a s a s e r i e s of d e c i m a l d ig i t s , the p a r t i c u l a r form 
of the p r in t and the n u m b e r of d igi ts to be p r in t ed being spec i f ied by the a d d r e s s 
sec t ion m . De ta i l s of t he se ve ry useful i n s t r uc t i ons a re given in the tabula t ion of 
the ope ra t ion c o d e . 
* Words to which no floating a d d r e s s has been a s s i g n e d m a y a l s o be modi f ied . 
F o r e x a m p l e , if ins tead of the word in b3 , the fifth word af te r the one in b3 were 




P r o g r a m m e d Input 
Once a p r o g r a m has been read into the computer m o r e data can be supplied 
to it only by using the ope ra t ions rjjQ or r_in. Both these opera t ions cont ro l the 
Mechan ica l Tape Reader (MTR) into which is in se r t ed a punched Flexo tape . The 
ope ra t ion rig i s used to read in individual c h a r a c t e r s punched in the tape; r i n i s 
used to read in an ent i re in teger or number , the t e rmina t ion of which is indicated 
by a tab or c a r r i a g e re tu rn c h a r a c t e r punched on the t ape . 
5 .42 P r o g r a m P r e p a r a t i o n 
P r o g r a m s a r e p r e p a r e d for input to the compute r by typing them on a F l e x o -
w r i t e r tape p e r f o r a t o r . The sequence is a s follows. 
1. The f i r s t line of the typed p r o g r a m cons i s t s of at l ea s t one lower c a s e 
l e t t e r s_ followed by an identifying p r o g r a m ti t le followed by a c a r r i a g e r e t u r n . 
2. 25 or m o r e equal s igns followed by a c a r r i a g e r e t u r n . 
3 . The p r o g r a m itself, consis t ing of in tegers a n d / o r n u m b e r s , and i n s t r u c -
t ion; each such word mus t be t e r m i n a t e d by one or m o r e tabs or c a r r i a g e r e t u r n s . 
4. Any word a s s i g n m e n t s ( e . g . , b3 | -750) which a r e n e c e s s a r y , each t e r -
mina t ed as in 3. above. 
5. The a d d r e s s at which the p r o g r a m is to s t a r t opera t ing followed by a 
v e r t i c a l bar , followed by the word s t a r t in lower c a s e . 
E x a m p l e s a r e : 
a71 s t a r t 1271 s ta r t g6+3| s t a r t 
5. 43 P o s t - M o r t e m s 
When an e r r o r has been made by the p r o g r a m m e r , and that e r r o r is de tec ted 
e i t he r during input or opera t ion of the p r o g r a m , the compu te r s tops and p r in t s out 
in format ion about that e r r o r . Such a p r in t -ou t is called a p o s t - m o r t e m . The re a r e 
two types of p o s t - m o r t e m s in the SS compu te r . 
Convers ion P o s t - M o r t e m 
The punched p rog ram tape is r ead into the compute r through the pho toe lec -
t r i c tape r e a d e r . After the tape has been read in and the binary equivalents of the 
c h a r a c t e r s s t o r e d , the SS convers ion p r o g r a m p r o c e s s e s the s to red data and e v e n -
tual ly p roduces a sequence of words in b inary form which will be c o r r e c t l y i n t e r -
p r e t e d as a p r o g r a m by the SS compute r i n t e r p r e t i v e rou t ine . If, however , c e r t a i n 
logical or typographical e r r o r s have been made which a r e de tec table during the 
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the conve r s ion p r o c e s s , the compute r will stop the conve r s ion and pr int on the d i r e c t 
t ypewr i t e r the t i t le of the p r o g r a m tape followed by a de sc r ip t i on of the m i s t a k e 
and i ts locat ion in floating a d d r e s s fo rm. 
The m i s t a k e s de tec ted by the conve r s ion p r o g r a m a r e : 
1. unass igned floating a d d r e s s 
2. undefined in s t ruc t ion 
3. floating a d d r e s s a s s igned to two or m o r e r e g i s t e r s 
4. absolu te a d d r e s s too l a r g e 
5. p r o g r a m longer than 300 words 
6. in teger or n u m b e r too l a r g e 
7. n u m e r i c a l pa r t of floating a d d r e s s too l a r g e 
8. no counter l e t t e r specified in r s t , j i i , j i c , inc , d e c , or cii i n s t r u c t i o n . 
Computat ion P o s t - M o r t e m 
If, dur ing the ope ra t ion of a c o r r e c t l y conver t ed p r o g r a m , a s i tua t ion a r i s e s 
which is defined as a p r o g r a m m i n g m i s t a k e ( see l i s t page Si ) , the c o m p u t e r a u t o -
mat ica l ly r e c o r d s on magne t i c tape c e r t a i n informat ion and then s t o p s . The r e c -
orded informat ion is known a s a Computat ion P o s t M o r t e m , and is subsequen t ly 
typed out on the delayed t y p e w r i t e r . A typical Computat ion Pos t M o r t e m migh t 
a p p e a r a s follows: 
ss p r o g r a m 27, John Smith, Sept . 23, 1953 
S T O P P E D AT dl+6 dl+6|patal7 a l7 | -98 1 
A C | l 0 3 4 RR|5 
h4. . j8 d2 . .d l+8 (dl. . d l + 8 ) 2 1 d l . . a8 z7 . . p97 + 3 q6 . . q9 
p 9 7 + 4 . . a 5 - l h 6 . . h 7 + 4 r 4 . . r 6 - 2 t 8 . . y 3 7 - l d 2 . . d l + 6 stop 
COUNTERS a |2 , 5 b |6 , 6 c | 2 3 , 23 H]l2..12 e |0 , 0 f |0 ,0 g | 0 , 0 
i l | l 9 -601 a l 7 | - 9 8 1 p902 |ccfp920d q9| jmpp97+4 e t c . 
The in format ion given i s a s follows: 
Line 1: the p r o g r a m t i t le for identif icat ion p u r p o s e s . 
Line 2: the compu te r s topped while pe r fo rming the pa ta l7 i n s t ruc t ion in d l+6. 
al7 contained the in teger - 9 8 1 . 
Line 3: The AC contained 1034, which is why the compute r stopped on the pa ta l7 
i n s t r u c t i o n . (See p r o g r a m m i n g m i s t a k e 6A in the opera t ion c o d e . ) The 
R e m a i n d e r R e g i s t e r (RR) conta ined 5 - - had the RR not been used , no i n -
format ion about it would have been p r in t ed . 
L ine s 4 and 5: t r a c e s the path the compu te r followed over the ten mos t r e c e n t j u m p 
i n s t r u c t i o n s - - only those j u m p s which actual ly were effect ive a r e 
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inc luded . The example given shows that the compute r pe r fo rmed each ins t ruc t ion 
f rom h4 to j8; then some kind of a j u m p ins t ruc t ion in j8 took it t o d 2 . Each i n s t r u c -
t ion from d2 to dl+8 was c a r r i e d out; then the sequence dl to dl+8 was r epea ted 21 
t i m e s . The next t ime through this sequence it went r ight on through to a8, whence 
s o m e kind of j ump took it to z7, e t c . Each a d d r e s s is given in t e r m s of the n e a r e s t 
f loating a d d r e s s . 
L ine 6: gives the index and c r i t e r i o n , in that o r d e r , for each of the 7 c o u n t e r s - -
had no counte rs been used this i t em would not a p p e a r . 
L ine 7, e t c . : l i s t s the a d d r e s s , in t e r m s of the n e a r e s t floating a d d r e s s , and the 
con ten t s of every r e g i s t e r whose contents have been a l t e r e d during the p r o g r a m . 
If the consents of s eve ra l consecut ive r e g i s t e r s have been changed, an a d d r e s s is 
given for the f i r s t and for each one to which a floating a d d r e s s has been a s s i g n e d . 
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6. APPENDIX 
6.1 Reports and Publications 
P r o j e c t Whirlwind technical r e p o r t s and m e m o r a n d u m s a r e rout ine ly d i s -
t r i bu ted to only a r e s t r i c t e d g roup known to have a p a r t i c u l a r i n t e r e s t in the P r o j e c t , 
and to ASTIA (Armed S e r v i c e s Techn i ca l Information Agency) Document Serv ice 
C e n t e r , Knott Building, Dayton, Ohio. Regular r e q u e s t s for copies of individual 
r e p o r t s should be made to ASTIA; e m e r g e n c y r e q u e s t s , to Rober t R. Rathbone, 
Digital Compute r L a b o r a t o r y , 68 Albany Street , Cambr idge 39, M a s s . Att: Code 
D C L - 6 . 1. 
The following r e p o r t s and m e m o r a n d u m s w e r e among those i s s u e d dur ing 
the t h i rd q u a r t e r of 1953. 
Ti t le 
No. of 

























S u m m a r y Repor t No. 34, Second 
Q u a r t e r 1953 
T r e a t m e n t of Digi ta l Control Sys t ems 
and N u m e r i c a l P r o c e s s e s in the 
F r e q u e n c y Domain 
Bas ic Conver s ion P r o g r a m 
Marg ina l Checking Sys tems Mod II, WWI 
Use of the Magnet ic Tape and Delayed 
Output Equ ipmen t 
P r o p o s e d Sense Winding for a 64 x 64 
M e m o r y Plane 
P r o c e d u r e for Handling C o r e s During 
Tes t ing 
An Approach to the Writing of Tube 
Specif icat ions 
S ta t i s t i ca l F i l t e r i n g by I n v e r s e 
P robab i l i ty 
Tes t ing the M a g n e t i c - C o r e M e m o r y 
Sys tem in a C o m p u t e r 
In t e rp re t a t i on of M e m o r y - C o r e 
Specif icat ions 
Digital Techn iques for Sor t ing by 













7 - 1 - 5 3 
7 - 2 - 5 3 
7 -20-53 
7 - 3 - 5 3 
7 -23 -53 
7 - 2 3 - 5 3 
8 -12 -53 
8 -24 -53 
9 - 1 8 - 5 3 
9 - 2 2 - 5 3 
9 - 2 4 - 5 3 
Ed . by E. 
C r a i g 
H. Br i scoe 
J . H . Hughes 
H. Denman 
W. Canty 
J . S c h a l l e r e r 







6.2 Professional Society Papers 
At the IRE West Coast Convention, on August 19, D. R. Brown spoke on 
"Magnet ic M a t e r i a l s for Digital C o m p u t e r s . " 
J . P o r t e r p r e s e n t e d a paper on "Genera l Opera t ion of Digital C o m p u t e r s " 
a t the F o u r t e e n t h Annual IRE Semina r , held on August Zl-ZZ a t Empor ium, Pa . 
At the National Bureau of S tandards in Corona, Cal i fornia , D .A . Buck gave 
a s e r i e s of ta lks on Ju ly 6 ,7 , and 8. They were ent i t led "Magnetic and Die lec t r i c 
Ampl i f i e r s , " " F e r r o m a g n e t i c and F e r r o e l e c t r i c Memory S y s t e m s , " " F e r r o m a g -
ne t ic and F e r r o e l e c t r i c Switches , " a n d "Nondes t ruc t ive Sensing of Magnetic C o r e s . " 
D . A . Buck a l s o spoke on "Nondes t ruc t ive Sensing of Magnetic C o r e s " a t 
UCLA on July 6; and gave a s e r i e s of ten l e c t u r e s on ' F e r r o m a g n e t i c and F e r r o -
e l e c t r i c Components for Digital C o m p u t e r s " at Wayne Univers i ty , Detroi t , Mich-
igan, August 10-21 . 
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